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GENERAL INTRODUCTION 

THIS volume is the second of a series dealing with 
the raw materials of industry, and, whereas the 
first volume dealt with cotton and wool throughout the 
world, this one deals only with tin, and is restricted to 
tin obtained from within the British Empire. The 
reason for this apparent deviation in the general system 
which will govern the series is that the British Empire 
produces two-thirds of the total output of tin of the 
world ; and the amount of information available and 
needed to enable a reader to obtain a real grasp of the 
subjecfr is so great that it became necessary to divide 
the work, or, otherwise, it would have become un- 
wieldy, or else inadequate. 

A second volume, it is hoped, will appear in the near 
future if the demand for this work indicates a sufficient 
interest in the subject, and this second volume will be 
confined to the tin production of the countries outside 
the Empire- 
One of the great problems of the day in the United 
Kingdom is the development of the British Empire's 
industrial resources, and unless fuU and detailed 
information is obtainable on such important raw 
materials as tin, it is ludicrous for statesmen to attempt 
to formulate an economic poUcy. Accurate informa- 
tion must be the groundwork of any reconstruction, and 
in no subject is accurate information harder to obtain 
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than in the question of raw materials, upon which our 
industries depend. The predominant position in which 
the British Empire stands with regard to production of 
this important raw material is a great economic asset? 
but it is important that the man in the street should 
reahze from whence we derive those materials, by the 
manufacture of which a large proportion of our popu- 
lation earn their daily bread. There are people who 
imagine that the various parts of the British Empire are 
of little importance to the Mother Country. This book 
is not a place in which to discuss the sentimental side of 
that question, although the writer is a strong believer 
in that side, but from the merely commercial and 
industrial standpoint it is of the utmost importance 
that every one should realize that the loss of, say Malaya 
or Nigeria, would have a most serious effect on the 
industries carried on in this country. 

With regard to the book we are now considering, I 
will only say that the fact that Mr. Penzer has been able 
to enhst the active support of the greatest experts on 
tin in the various countries mentioned, is a sufficient 
guarantee of its authoritative nature. But I would 
Hke to render my tribute to the excellent way in which 
Mr. Penzer himself has done his work. I have no 
hesitation whatever in commending this book to all 
those who are in any way interested in tin, whether 
they be mining engineers, manufacturers, merchants, 
or merely the intelligent public who are anxious to 
know a little more about the industries which have 
made this country wealthy and powerful. 

(Signed) J. S. M. WARD, 

General Editor of the Series. 



PREFACE 

THIS book is an attempt to put before the public a 
comprehensive survey of the tin-mining of the 
British Empire. The reasons why the book does not 
cover the whole world have already been explained in 
the General Introduction. 

Such a large area has to be covered in writing a book 
on tin of the British Empire, that it is exceedingly hard 
for one man to deal thoroughly and comprehensively 
with every locaUty. This indeed I should have found 
impossible had I not had most valuable help from 
some of the most prominent and capable geologists of 
the day. 

In the first place I owe a special debt of gratitude to 
Mr. J. B. Scrivenor, the Government Geologist of 
Malay, who, during his vacation in this country, gave me 
every assistance in his power. He specially drew the 
sections across Malaya for this work, and wrote a 
description to accompany them. 

My thanks are also due to the following : — Dr. J. 
Coggin Brown, who assisted me in the Burmese section, 
and corrected the proofs ; Dr. J. D. Falconer, who 
rendered a similar service Avith the Nigerian chapter ; 
Dr. J. S. Flett, for help on the Scottish section ; Mr. H. 
Dewey and Mr. D. A. MacAlister, the former for his 
guidance in the arrangement of the chapter, and the 
latter for correcting both the typescript and final 
proofs. 

vii 
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Apart from individual help, I should mention the au- 
thorities of the Imperial Institute, who have allowed me 
to copy various tables from their monogram deahng with 
" Tin Ores," and to The Mining Magazine, whose weU- 
known Editor, Mr. Edward Walker, has assisted me in 
every way possible, both with regard to the most 
up-to-date information on certain mines, and by 
granting permission to copy plans or paragraphs from 
The Mining Magazine itself. 
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CHAPTER I 

INTRODUCTION 

(A) BRIEF HISTORICAL SKETCH OF TIN 
PRODUCTION 

MORE than a thousand years B.C. Homer used the word 
" /caao-tTf/jo? " for the metal employed in the orna- 
mentation of the shield of Achilles. The word ocovu-s in other 
parts of the Iliad with reference to greaves and chariot 
decorations. Metallic tin seems too weak for defensive 
purposes, and it has been suggested that Homer's "Kaa-ciTepo<: " 
was not the pure tin (Lat. plumhum album), but an alloy 
of tin with other metals (Lat. stannum). On account of its 
softness, tin by itself would be of Uttle use for implements to 
the men of the Bronze Age, and would be, therefore, only used 
in combination with other metals, e.g. copper. In the 
West of England, where copper and tin ores are commonly 
associated, the earliest implements are of bronze. The 
"ancients," however, used tin in its pure state for making 
beads, rings, armlets, ornaments and other jewellery. Other 
classical writers referring to tin are Pliny, Herodotus and 
Strabo. 

As regards the etymology of the word, numerous suggestions 
have been offered as to the derivation of " tin." Among the 
ancient Egyptians there was no actual word for pure tin, 
and the word " hut " meant an alloy of sUver and tin. 
Similarly in Hebrew " badil," meaning a substitute, was the 
nearest approach to a word for " tin." The Latin " cassiteron " 
was derived from the Greek " Kaaairepo^ ," the Arab 
" kazdir " and the Sanscrit " kastira," which means " some- 
thing shining." In the fourth century the Romans changed 
" plumbum album " to " stannum," whence our word 
" stannery," etc. The Arabic word for tin-plate is " tenekeh," 

3 



4 TIN RESOURCES OF THE BRITISH EMPIRE 

probably connected with the Assyrian " anaker," and may have 
given rise to the Scandinavian din, the German Zinn, and our 
tin. 

Chaucer and other mediseval writers, however, speak of 
" teyne," so that "tin " may come from the easy manner in 
which it can be " thinned " or beaten out. The old Cornish 
word for tin was " stean," and is embodied in^the word 
" costean," which is used to-day. 

It has been suggested with good reason that the word 
"costean" is derived from "cross-twining," a term used 
when cutting a trench to find a lode. 

The date of the earhest tin mining of the v.orld is lost in 
obscurity, but it can be placed some time prior to 3000 b.c. 

Compounds of tin and copper were already common in Egypt 
in the sixth dynasty (3200 b.c). 

China was also connected ia early days with tin mining, and 
the teachings of the Chinese with regard to the origin of tin 
are of quaint interest. " Tin," they say, " is produced by the 
influence of the feminine principle in nature, being classed 
between silver and lead. The metal arsenic generates itself 
in two hundred years, and after another two hundred years 
is converted into tin. Tin, being a product of the feminine 
principle, has tender qualities. When it is submitted to the 
influence of the masculine principle it is converted into silver. 
It is sometimes found that wine kept in tin vessels has a poison- 
ous action on man, which proves that the arsenic had not been 
completely transformed into tin." 

The metal appears to have been known and used by the 
Chinese since about 3000 B.C., which date is nearly cotemporary 
with its use in Egypt. According to some of the earliest 
records, the Emperor Yu of the Hsia dynasty (2205 b.c.) 
cast the famous nine bronze tripod cauldrons from metal 
collected from the nine provinces, and it is practically certain 
that tin and copper were the special contribution of Yunnan. 

In Persia very ancient tin mines have been discovered, 
from which the metal could easily have been brought to 
Mesopotamia, Egypt and the Mediterranean. 

It is still disputed whether it was the Phoenicians who first 
discovered the tin of the Cassiterides, or whether it had long 
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since been worked by the " Welsh of the Horn " — ^the 
barbarians of Cornwall and Devonshire, who were probably 
confined to the coast-clearings. 

It is, however, generally agreed that the Phoenicians were 
the distributors of tin from Britain in the Mediterranean ; 
but some authorities consider that if this is so the tin had first 
reached the South of Gaul overland and was here more accessible 
to them, and that, moreover, even in Roman times it was never 
sea-borne to the Mediterranean, except for the crossing of the 
Channel, but followed the old trade route with the pigs of 
British lead, one of which has been found at St. Valery-sur- 
Somme and another at Chalons-sur-Saone. It has not yet 
been decided where the Cassiterides actually were. Herodotus 
(Ch. 3, 115) says : " Nor am I acquainted with the Cassiterides 
Islands, from whence our tin comes." The usually accepted 
site is the Scilly Islands, but it has been suggested that if this 
locality is correct the islands were only used as depots for the 
tin which was derived from Cornwall. 

The north-west of Spain, Salamanca, Cartagena, Almeria, 
and the Northern Provinces of Portugal also were important 
tin-bearing districts, and writers have identified the Azores and 
the islands in Vigo Bay as the true locality of the Cassiterides. 

The Phoenicians kept their secret well, and burnt their ships 
rather than give any clue to their source of wealth. The age 
when this trade began is also greatly disputed, and has been 
estimated at dates varying from 1600 b.c. to 400 b.c. 

It has been already mentioned that the earliest use of tin 
was as an alloy with copper, but it must be noted that these 
alloys were obtained not by smelting together copper and 
metallic tin, but by the reduction of oxidized copper ores 
containing tin-stone, or of copper ores to which tin-stone had 
been added. The analyses of weapons used in the Bronze Age 
have been compared by Prof. William Gowland with the 
following interesting results : — 

Early Weapons and Implements — 57 Analyses. 

In 25 the tin ranges from about 8 to 11 per cent. 
In D ,, ,, ,, ,, ,, 11 ,, lo ,, ,, 
In .-0 ,, ,, ,, ,, ,, O ,j a ,, ,, 
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Later. Palstaves and Socketed Axes— 15 Analyses. 
In 13 the tin ranges from about 43 to 131 per cent. 
In 2 „ „ was about 183 per cent. 

Spear and Lance Heads. 

In 5 the tin ranges from about 11-3 to 15-7 per cent. 

StiU later. Swords — 23 Analyses. 

In 14 the tin ranges from about 8 to 11 per cent. 
In 12 „ „ „ „ „ 12 to 18 „ 

In 7 „ „ is less than 9 per cent. 

From the above table Prof. Gowland deduces that the 
proportion of the tin content varied not merely by chance, 
but by the cleverness and metallurgical skiU of the men of the 
later Bronze Age, according to the strength necessary for 
each particular implement or weapon. The furnaces of these 
early metallurgists were merely shallow trenches in the ground. 
The smelting, which was of the simplest nature, is considered 
by Prof. Gowland to have been as follows : — 

The trench, having been first lined with clay, was filled 
with brushwood, above which small logs of wood were piled. 
A hght was applied, and as soon as the logs were burning 
fiercely and the trench was full of glowing embers, small 
quantities of ore were then thrown upon the top of the fire 
from time to time. More wood and ore were added, until the 
required amount of tin had accumulated in the trench. The 
fire was then raked away, and the tin laded out into a hole in 
the ground or into a clay mould near the furnace. Probably 
sometimes it was allowed to flow as it was reduced into a 
cavity at one end of the trench. The object of the trench, 
in addition to its use as a receptacle for the metal, was to 
hold a sufficient quantity of embers to reduce the portions of 
ore which had not been acted on in the upper part of the fire. 

But the intercourse of the Britons with the traders from the 
more advanced races of the Mediterranean doubtless soon led to 
further modifications and improvements in their furnaces 
and mode of smelting. 

The shallow hole then became deeper so as to " confine the 
fire," and was excavated near the edge of a bank of earth. 
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Tho blast was no longer admitted over the edge of the cavity 
but through an opening just above the base, the molten tin 
being allowed to flow out, as it was reduced, through a still 
lower hole. 

The bronze-using period in England is usually estimated as 
stretching through eight or ten centuries, beginning between 
1400 and 1200 B.C., while the invasion of Caesar took place in 
the early Iron Age. 

{B) THE STANNIFEROUS ORES AND MINERALS 

Tin is found in a number of forms, although by far the 
commonest occurrence is as the dioxide, known as cassiterit«. 
The only other mineral ore of tin of economic value is stannite. 
The numerous other minerals containing tin, such as tapiolite, 
stokesite, etc., are merely of mineralogical interest, and 
therefore are only briefly noticed. 

The following details of the various tin minerals are chiefly 
taken from the sixth edition of Dana and the three appendices. 

Native Tin 

Native tin is tin which is found in a natural metallic state. 
There is at present no absolutely recognized specimen of native 
tin at the big museums, though many have been put forward 
as such. It is of nc economic importance. 

The Museum of Practical Geology of Jermyn Street, London, 
has no specimen, but the South Kensington Museum exhibits 
native tin from the Bauchi Plateau in North Nigeria (two 
specimens) ; Schlaggenwald, Bohemia ; and two specimens 
from Bolivia. 

The curator, however, states that none of the specimens are 
absolutely certain, while that from Bohemia is thought to 
have been artificially attached to the matrix. Specimens 
from Cornwall formerly labelled " native tin " have proved to 
be nothing more than smelted products from ancient workings, 
known locally as " Jew's-house tin." It has, nevertheless, 
been said to occur in association with platinum, iridosmine, 
gold, silver, copper, cassiterite, and with corundum in washings 
from the Aberfoil and Sam rivers near Oban, New South 
Wales. 
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The usual form is in irregular rounded crystalline grains or 
aggregations of grains, from 01 to 1 mm. in size. The colour 
is either greyish-white or black. 



Stannite (Tin Pyrites) 

Stannite is an amorphous, pale yeUowi§h-white substance 
with H. = 6-5, G. = 3-64i5 ; and has been regarded as a 
pseudomorph after feldspar, containing much tin dioxide as 
a mixture with the other ingredients. 

It is massive, granular and disseminated. 

Cleavage : Cubic, indistinct. Fracture : Uneven. Brittle. 
Chemical composition : A sulphide of tin, copper, iron and 
sometimes zinc, perhaps Cua S. FeS.SnSa = Sulphur 29-9, 
tin 27-5, copper 29-5, iron 13-1 = 100. 

P3rrognostic characters : In the closed tube it decrepitates 
and gives a faint sublimate ; in the open tube sulphurous 
fumes. B.B. on charcoal fuses to a globule, which in O.F. 
gives off sulphur and coats the coal with tin dioxide ; the 
roasted mineral treated with borax gives reactions for iron 
and copper. 

Decomposed by nitric acid, affording a blue solution, with 
separation of sulphur and tin dioxide. 

It was formerly found at Wheal Rock, Cornwall, and at 
Carn Brea, where it constituted a considerable vein, and was 
accompanied by pyrite, sphalerite, and other minerals. 

More recently it was found in considerable quantity in 
granite at St. Michael's Mount ; also at Stenna Gwynn, St. 
Stevens and at Wheal Primrose, Wheal Scorrier, and occasion- 
ally at BotaUaok mine, St. Just ; also at the Cronebane mine, 
Co. Wicklow, Ireland ; Zinnwald, in the Erzgebirge, with 
sphalerite and galena. It frequently has the appearance of 
bronze or beU metal, and hence the name bell-metal ore. 

Stannite has also been recorded in Tasmania, Bolivia, and 
New South Wales. 

Tetrahedral crystals occur in BoHvia according to Stelzner, 
and in the Black Hills, S. Dakota. The colour varies from a 
greyish-black to nearly a dead black. 

Crystallized stannite also occurs, but is very rare. Cupro- 
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cassiterite is the product derived from the oxidation and 
hydro-oxidation of metals from the decomposition of stannite. 

Cassiterite (Tin-stone or Tin Dioxide) 

This is the usual form in which tin is found in nearly aU the 
deposits in the world. 

Its crystaUization is tetragonal. The crystals usually 
occur in twins, both contact and penetration. 

The cleavage varies from imperfect to hardly distinct. 

The fracture is subconchoidal to uneven. Brittle. H. = 
6-7; G. = 6-8-7-1. Lustre: Adamantive, and crystals usually 
splendent. Colour : Brown or black, also sometimes red, grey, 
white or yellow. Streak : White greyish, brownish. Nearly 
transparent to opaque. 

Chemical composition: Tin dioxide, SnO, = Oxygen 21-4, 
tin 78-6 = 100. A little TajO^ and FejOa is sometimes 
present. 

Pyrognostic characters : B.B. alone unaltered. On 
charcoal with soda reduced to metallic tin, and gives a white 
coating. With the fluxes sometimes gives reactions for iron 
and manganese. Only slightly acted upon by acids. 

It occurs in veins traversing granite, gneiss, mica schist, 
chlorite or clay schist and porphyry, also in finely reticulated 
veins forming the ore-deposits called stockworks, or simply 
impregnating the enclosed rock. The commonly associated 
minerals are quartz, wolframite, scheeUte, also mica, topaz, 
tourmaline, apatite, fluorite ; further — pyrite, arsenopyrite, 
sphalerite, molybdenite, native bismuth, etc. 

The tin is termed " black tin " when dressed or prepared 
for the smelter, while the metal produced by smelting is 
called " white tin." 

The occurrences include practically aU localities where tin 
is found and need not be enumerated in this introductory 
chapter. 

Among altered forms may be mentioned substitution 
pseudomorphs after orthoclase, quartz, and tourmaline, which 
occur in Cornwall ; also after haematite and magnetite in Mexico. 

Wood-tin derives its name from its appearance, which 
resembles dry wood in its colours. It occurs in botryoidal and 
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reniform shapes, concentric in structure, and radiated fibrous 
internally, although very compact, with the colour brownish, 
of mixed shades. 

Toad's-eye tin is the same, on a smaller scale. G. of one 
variety 6-514. 

Stream-tin is the ore in the state of sand as it occurs along 
the beds of streams or in the beds of gravel of the adjoining 
region. It has been derived from the denudation of the rocks 
carrying tin ore. 

Ainahte is a cassiterite containing nearly 9 per cent, of 
tantalum pentoxide. Isomorphous with cassiterite. The 
lustre is vitreous to adamantive ; colour black to greyish 
black ; streak hght brown ; opaque. 

Analysis by Nordenskiold : — 

SnOa, 88-95 ; Ta^Oj, 8-78 ; Fe^Oa, 2-04 ; CuO, 0-78 = 100-55. 

It is found in Somero, Finland, with tantalite and beryl in 
albite. 

Spanable-tin is a variety of cassiterite occurring in sharply- 
pointed crystals due to the development of the ditetragonal 
associated with a slender prism situated vertically. Other 
names are tooth-tin and needle-tin. 

The lode minerals commonly associated with cassiterite are 
as f oUows : — 

Bismuthinite, copper pyrites, galena, iron pyrites, marcasite, 
mispickel, molybdenite, monazite, wolfram, zinc-blende. The 
gangues are usually one or more of the following : Calcite, 
chlorite, felspar, fluorspar, kaolin, mica, quartz, talc. Other 
associated minerals include garnet, hornblende, ilmenite, 
siderite, serpentine, stannite, steatite, topaz, tourmaline. In 
alluvial deposits there are to be found beryl, corundum, 
diamond, cairngorm, garnet, ruby, spinel, topaz, zircon, gold, 
etc. etc. Country rocks containing lode tin deposits include 
greisen, granite, aplite, porphyry, slate, shale, chlorite, quartz- 
ite, and diorite, the first four being common. 

Tapiolite 

This mineral closely resembles rutUe and cassiterite. 
It is named from an ancient divinity of Finland where it 
occurs in Tammela. 
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It has square octahedrons, often monoclinic in appearance 
by distortion. The cleavage is indistinct. 

H. = 6 ; G.'= 7-36 Nd ; 7-496 Rg. 

Lustre : Strong adamantive, approaching metallic. 

Colour : Pm-e black. Opaque. 

It is a tantalate and niobate of iron, and has the same 
composition as tantalite. 

Stokesite 

This silicate of tin is hardly worth mentioning, as its occur- 
rence is at present confined to a single specimen at the Cam- 
bridge Museum. 

Orthorhombic. Cleavage : m perfect, b less so. Fracture : 
Conchoidal. Brittle. H. = 6 ; G. = 3-185. Lustre : Vitreous. 
Colourless, transparent. 

Composition: Perhaps Hi. CaSn. SiaOu, or CaO. SnOj. 
3Si02. 2HjO. The most probable results of analysis on 
a minute quantity gave Hutchinson (loc. cit.) SiOj, 43-1 ; 
SnOs, 33-3 ; CaO, 13-46 ; HA 8-6 = 98-45. 

The Cambridge specimen is associated with axinite from 
Roscommon Cliff, St. Just, Cornwall. 

Teallite 

Described by G. T. Prior. Orthorhombic ? In thin flexible 
folia. Cleavage: c perfect. H. = 1-2; G. = 6-36. Lustre: 
MetaUic. Colour : Blackish-grey. Streak : Black. Opaque. 

Composition : PbSnSa, or PbS.SnSj. 

Analysis :— Is. 16-29 ; Sn, 30-39 ; Pb, 52-98 ; Fe, 0-20 

= 99-86. 

Yields a little sulphur in a closed tube, but does not fuse ; 
readily decomposed by hot hydrochloric or nitric acid. Occxu:s 
in thin folia, resembling graphite, embedded in kaolin, upon a 
dark-grey matrix impregnated Tvith pyrite ; also associated 
with wurtzite and with galena. Brought by Theodor Hohmann 
from South America ; exact locality unknown, but probably 
Bolivia. Stated by Koechlin (if m. Mitth., 24, 114, 1905) to 
have come from Santa Rosa, Antequera, BoKvia. 
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From analyses by Prior (loc. oit.) of franckeite and cylindrite 
the following formulae, showing their relationship to each 
other and to teaUite, were derived. 

Franckeite = SPbSnS^ +Pb2FeSb2S8. 

CyHndrite = SPbSnS^ + SnPeSb^Ss. 

Franckeite 

Massive, with imperfect radiated and foliated structure ; 
in part in spherules aggregated in reniform shape. Cleavage 
perfect in one direction. Somewhat malleable, making a 
mark on paper. 

H. = 2-75 ; G. = 5-55. Lustre : Metallic. Colour : Blackish- 
grey to black. Opaque. 

Composition : PbsSng. SbaSja, or 2PbSnS3. PbsSbaSe. 

Analysis by C. Winkler : — 

S Sb Sn Pb Fe Zn Gangue. 

21-04 10-51 12-34 50-57 2-48 1-22 0-71= 98-87 

Germanium is present in smaU amounts (0- r cent.) ; also 
about 1 per cent, silver. 

B.B. on charcoal gives a yellow coating of lead oxide, and 
farther from the assay one of oxide of antimony. In the open 
tube, yields sulphurous and antimonial fumes. In the closed 
tube, a shght coating of germanium sulphide if no air is present. 
Dissolves by nitric acid with the separation of a white powder 
(oxides of antimony, tin and germanium) ; also readily in aqua 
regia with separation of sulphur. From silver-mining region 
of Las Animas, south-east of Chocaya, Bolivia ; it is locally 
known as Uicteria ; wurtzite is closely associated. 

Cylindrite 

Massive ; in cylindrical forms separating under pressure into 
distinct shells or foMa, difficult to pulverize, like graphite. 

Soft ; H. = 2-5-3 ; G. = 5-42. Lustre : MetaUic. Colour : 
Blackish lead-grey. Streak : Black. 

Composition : PbeSb^SneS^i, or SPbS.Sb^Sa+a (PbS^.SnS^). 

Analysis : — 

S Sn Sb Pb Ag Pe 

24-50 26-37 8-73 35-41 0-62 300 = 98-63 
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Obtained from the mine Santa Cruz at Poopo, Bolivia. 
The same country has also afforded the allied minerals 
plumbostannite, franckeite and canfieldite. 

Canfieldite 

Isometric, perhaps tetrahedral. In octahedrons o (iii) with 
d (110). Fracture: Uneven to smaU conchoidal. Brittle: 
H. = 2-5-3 ; G. = 6-276. Lustre : Metallic, brilliant. Colour : 
Black with bluish tint. 

Composition : Ag9(Sn.Ge)S, ; [essentially AggSnSe, or 
4AgaS.SnSj, but with the tin in part replaced by germanium, 
ratio Sn, Ge = 12-5. 

S Sn Ge Ag Fe Zn 

16-22 6-94 1-82 74-10 0-21 = 99-29 

B.B. fuses at 2 on charcoal, yielding a coating of the mixed 
oxides of tin and germanium, white or greyish near the assay, 
tinged with yellow on the edges. By long blowing a globule 
of silver covered by tin oxide is obtained. In the closed tube 
sulphur is given off, and at a high temperature a sUght deposit 
of germanium sulphide. Locality is Colquechaoa, BoUvia. 

Argyrodite 

A stanniferous variety of this mineral has been described by 
Prior and Spencer. It occurs in regular octahedrons, in part 
spinel-twins ; aLso in twinned dodecahedrons. G. = 6-16. 

Analysis : — 

S Ge Sn Ag Fe Sb 

16-45 4-99 3-36 74-20 0-68 tr. = 99-68 

Flu mbostannite 

Amorphous ; structure granular. H. = 2. Feels greasy 
Uke graphite. Slightly ductile. Lustre : Feebly metallic. 
Colour : Grey. Analysis (deducting 38-8 per cent, quartz) : — 

S, 25-14; Sb, 16-98; Sn, 16-30; Pb, 30-66; Fe, 10-18; 
Zn, 0-74 = 100. 

B.B. gives on charcoal antimonial fumes and a lead coating ; 
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yields metallic tin. Dissolves completely in hydrochloric 
acid to which a little nitric acid has been added. With 
concentrated nitric acid leaves a white residue of the oxides 
of tin and antimony and lead sulphate. 

From the district of Moho, province of Huancane, Peru ; 
occurs with cassiterite and sphalerite. 
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THE production of tin from the British Isles is confined 
to Cornwall and Devon, which at present yield about 
80,000 tons of tin ore per annum, containing about 5,000 tons 
of tin. The following useful notes are taken from the Report 
of the Controller of the Department for the Development of 
the Mineral Resources in the United Kingdom (1918). 

During the sixty years dating from 1856 to 1915, inclusive, 
the total jdeld amounts to 648,060 tons of black tin or dressed 
tin, valued at £42,514,563. The annual production at present 
from the mines amounts to about 6,500 tons (65-5 per cent.), 
and about 1,600 tons (46 per cent.) are recovered from 
streams and quarries. 

For a period of thirty-six years, dating from 1859, when there 
were about 180 mines operating in the production of tin, to the 
year 1895, the actual output of dressed ore in the United 
Kingdom, practically all of which came from the Cornish 
mines, was maintained at about 14,000 tons, and since that 
date the production has been about 7,500 tons yearly. There 
are thiity mines in operation in Cornwall to-day — 1918 — the 
principal of which, with their production for the years 1914-17, 
can be seen at the end of the section (Table I). 

The Dolcoath Mine has headed the list as a producer of 
till for the last sixty years, and most of the mines quoted 
above as being the principal producers in 1916 have been 
working for over fifty years. 

17 
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Unless new ground is opened up it does not seem probable 
that the production of tin in Cornwall will be raised, as the 
more important mines are now being worked at considerable 
depths, from which the cost of unwatering and extraction 
of ore is increasing from year to year. There is a considerable 
loss in the treatment of tin ores (estimated at about 35 per cent. ) , 
which may possibly be lessened with improved methods, and 
unless some means can be introduced by which the recovery 
of values may be economically increased, several of the mines 
would be obUged to close down should the market prices of 
the metal return to their former level. 

The market price of tin has fluctuated considerably from 
year to year, the lowest recorded for over a hundred years 
being £59 in 1896, until the present time, when it is between 
£300 and £320 per ton (February, 1918). 

The exports and the imports of the metal as compared with 
the home production are shown by the following figures, 
representing the year ending each decade from 1853 to 1913 : — 









Home Production. 


Imports. 


Exports. 


Price per 
Ton. 




Dressed 
Ore. 


Metal. 


Dressed 
■ Ore. 


Metal. 


Metal. 


Metal. 


1853 . . 


8,866 


5,763 


156 


2,487 


2,349 


£ 
116 


1863 






14,224 


9,104 


559 


2,728 


5,550 


63 


1873 






14,885 


9,972 


5,612 


7,791 


7,240 


131 


1883 






14,469 


9,307 


1,156 


26,052 


19,539 


93 


1893 






13,689 


8,837 


3,040 


33,558 


22,011 


85 


1903 






7,382 


4,282 


12,277 


35,509 


31,088 


127 


1913 






8,355 


5,288 


34,592 


45,682 


41,749 


199 



The world's production of tin metal in 1912 amounted to 
124,740 metric tons, of which 49,215 tons were obtained from 
the Federated Malay States, 23,027 tons from Bolivia, the 
remaining output being contributed from ores obtained in 
Australia, Nigeria, Dutch East Indies, China, South Africa, 
and the United Kingdom. In 1912 the smelting works in 
Great Britain produced 18,600 tons of metal from domestic 
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and imported ores, to which must be added 48,273 tons of 
metal imported, making up a total of 66,873 tons. The 
exports amounted in the same year to 45,421 tons, leaving 
21,452 tons for consumption in the United Kingdom. 

Various other tables of statistics taken from Mr. Davies' 
Tin Ores, the Cornish Chamber of Mines Year Book for 1918, 
etc., are found at the end of this section. The tables showing 
imports of tin ore into the United Kingdom are taken from 
the former source. As explained by Mr. Davies,* the tin ore 
imported is chiefly of Bolivian origin, and is shipped to this 
country from ports in Chile and Peru. 

" The total imports from South American States rose from 
22,542 tons in 1914 to 35,767 tons in 1915, when the Bolivian 
ore which formerly went to Germany was diverted to this 
country. In 1916 the amount had fallen approximately 
to normal at 24,587 tons, the excess ore being taken up by 
smelters in the United States and South America. Nigeria 
sends the whole of its output of tin ore to be smelted in this 
country, but the South African ore which formerly came here 
now goes almost entirely to the Straits Settlements. This 
change, though obviously accelerated by war conditions, 
had begun before the war, and its effects will doubtless con- 
tinue in time of peace. 

The greater part of the tin imported into the United King- 
dom is smelted in the Straits Settlements. Australia, Hong- 
Kong and the Dutch East Indies are the next largest contri- 
butors. The imports from the last-named country show an 
increase in 1915 and 1916, due to much of the tin that was 
formerly sent to Holland and Germany coming to this country. 

Tables II and III give details of the imports of tin ore and 
tin in recent years. 

The exports of tin ore and tin from the United Kingdom 
are shown in Tables IV to VII. Small amounts of ore were 
re-exported, principally to Germany. In the five years 
preceding the war the United States took between 28,000 
and 33,000 tons of tin annually, or about 70 per cent, of our 
exports. In 1915 the exports to the States fell to 17,616 
tons, in 1916 they were 21,672 tons, and in 1917, 18,792 tons, 
♦ Tin Ores, by G. M. Davies. Imp. Inst. 1919. Pp. 13, 19. 
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This faU is largely due to high freights ; much foreign and 
colonial tin that was formerly brought to this country for 
transhipment being now sent direct to its final destination. 

The tin-plate exports also show a great decrease in quantity, 
though not in value, during the war years, having fallen from 
494,497 tons in 1913 to 177,383 tons in 1917. The United 
States was formerly a large customer, but now that her own 
tin-plate output has increased to over a miUion tons a year, 
she has begun to send it to this country, besides suppljong 
much of the needs of Canada, South America, Japan, India, 
and other countries." 

After giving a few'notes on the geology of Cornwall, most 
of the mines now working will be described in some detail. 

The following notes on the Mining Geology of Cornwall 
are based on an article in the 1918 Year Book of the Cornish 
Chamber of Mines, edited by Harold E. Fern. 

There is a voluminous literature on the geology of Cornwall, 
much of it treating the subject from the economic standpoint. 
Still, there may be some excuse for a brief summary of the 
geological structure of the county so far as the ore deposits 
and their relationships^are concerned. 

The geological map of Cornwall shows that the county 
consists of a long promontory composed of altered Palaeozoic 
sediments with contemporaneous basic lavas, into which 
igneous rocks of various types have been intruded. The 
Palaeozoic sediments range from Lower Devonian rocks in 
the west to Lower Carboniferous in the east. Lower Palaeo- 
zoic beds are represented in the extreme west. For the most 
part these rocks consist of fine sediments with occasional 
fine sandy beds. All these sediments have been folded and 
cleaved by crustal movements, and are termed killas by the 
Cornish miners. 

Before the killas was folded it was invaded by a series of 
basic dyke rocks and volcanic flows. All these rocks shared 
in the dynamic metamorphism of the Idllas, and may con- 
veniently be referred to as " greenstones " or " blue elvans." 

In post-Carboniferous times the granite masses which 
form such a conspicuous feature on the geological map were 
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intruded into the killas, and their intrusion marks the cul- 
mination of a long series of earth movements. 

The consolidation of the granite was followed by the in- 
trusion of various dyke rocks, more or less directly connected 
with it. These include pegmatites, aplites, quartz porphyries 
and mica traps. Of these the quartz porphyries are the most 
important, being known to the miners as " elvans." They 
consist of various sheet-like masses of acid igneous rock, which 
can often be traced for miles and vary from a few feet to hun- 
dreds of feet in thickness. They were intruded along lines 
of cleavage and fracture, the directional character of which 
was determined by the crustal movement referred to, and, 
in consequence, the elvans have a more or less parallel direc- 
tion common Avith that in many of the more important lodes 
which followed, and was the last phase of the igneous activity. 

According to MacAlister {Oed. Survey Memoir, Falmouth 
and Camborne, 1906) the lode fissures were not formed tiU 
after the intrusion of the " elvans." At the time of 
their intrusion the granite masses were covered by a con- 
siderable thickness of sedimentary rock which, since Permian 
times, has been removed by denudation. The granite cooled 
slowly, and in so doing produced intense alteration (contact 
metamorphism) in the immediately surrounding killas. 

The final stage of the consoUdation of the granite was accom- 
panied by gaseous and hydrothermal emanations which 
altered both the granite and the killas in various definite 
ways. It is to the action of these vapours and solutions 
that we owe the mineral wealth of the county, for not only 
did they lead to the production of tourmaline rock, greisen 
and kaohn, but they also brought the minerals of the lodes. 

The tourmaUne rock consists of tourmaline and quartz, 
but it is found in all varieties, and ranges from granite, con- 
taining nests of radiating tourmaline or schorl, to a completely 
altered granite, such as that at Roche, consisting of tourmaline 
and quartz only. The killas is also tourmalinized near fissures, 
and gives rise to a rock which preserves its foUated structure. 
In this case it is the more argillaceous layers that have been 
replaced by tourmaline. 

Greisen is an altered granite in which the dark mica and 
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felspar have been destroyed, the rock finally consisting of 
quartz and white mica, with topaz, cassiterite, wolfram and 
other minerals. 

In kaolinized granite, the rock has had its felspar changed 
to kaolin, with the production of quartz. Tourmaline and 
fluorspar are also commonly present. 

These changes are attributed to the action of hot vapours 
containing the elements boron and flourine, with, in addition, 
water-vapour and carbon-dioxide, and it is these vapoiirs that 
were the mineralizing agents in the fiUing of the lodes. 

The lodes are extremely varied in composition and structure, 
but may be roughly classified according to their mineral 
contents into tin and copper lodes, with or without arsenic 
and wolfram. They occur in both the granite and contact- 
altered killas. The lead and silver lodes, however, occur over 
a wider area than the tin and copper lodes, and were formed 
at a later date after the latter had ceased to arrive ; the iron 
lodes such as the Great Perran iron lode and the Restormal 
iron lode are probably of still later date. 

The tin and copper lodes have a general agreement in their 
direction (E. 20° in the Camborne-Redruth district) and 
are formed both in the granite and in the killas in the 
neighbourhood of the junction of those rocks. In the imme- 
diate neighbourhood of the junction, they show signs of 
considerable distm-bance, and are usually much shattered 
and brecciated, while those further away from the junction 
have, as a rule, suffered little disturbance since they were filled. 

The veinstones show a great variety of structure and compo- 
sition, but certain fairly well-defined types may be recognized. 
Quartz is the most abundant constituent, and this is usually 
accompanied by tourmaline and, in some cases, by chlorite. 
The cassiterite and other ores are distributed irregularly, 
and, in consequence, there are rich parts (" bunches " or 
" shoots ") alternating with parts which are worthless or poor. 

The granular state of the cassiterite is an important factor, 
as in some lodes the mineral is coarsely crystallized, while 
in others it is of fine textiu-e, so that the ore is difficult to mill. 
Microscopic examination of the veinstones has shown that this 
variation in size of the cassiterite crystals is considerable. 
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The order of the arrival of the minerals in the lodes appears 
to be as follows (MacAlister's GeologiccU Aspect of the Lodes of 
Cornwall. Economic Greology, 1909) : — 

(1) Tin ore, wolframite, sulphides of copper, zino and 

arsenic, quartz, fluorspar, chlorite and tourmaline. 

(2) Copper and other sulphides, quartz, chlorite and fluor- 

spar, with possibly some silver and lead. 

(3) Silver lead ores and carbonates, quartz and fluorspar. 

The filling of the lodes was undoubtedly a long-continued 
process, many of the veinstones showing repeated mineral- 
ization. 

The deposition of the lodes carrying lead, silver-lead and 
iron was a process which was in the main later than the filling 
of the tin and copper lodes, and there is evidence to show that 
it continued for some time after the arrival of the tin and 
copper ores had ceased, the chief mineralizing agents being 
solutions rather than vapours. 

There is, undoubtedly, still scope for considerable geological 
exploration and research in the county both in regard to the 
nature of the lodes and in the search for new lodes and minerals. 

The foUoAving is a list of the mines discussed : — 

CORNWALL 

Dolcoath. 

East Pool and Agar. 

South Crofty. 

Tincroft. 

Tehidy Minerals. 

Levant. 

Geevor. 

Cuchy of Cornwall. 

Killifreth. 

Kangsdown. 

Ding Dong. 

GrenvUle. 

Peevor. 

Poldice. 
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Bedford United. 
Devon Friendship. 
Hemerdon. 

Further details concerning the above mines and any others 
of less importance not mentioned will be found in numerous 
works included in the bibliography. Special reference, how- 
ever, should be made to Observations on the West of England 
Mining District, by J. H. Collins, 1912, and to the various 
Memoirs of the Geological Survey. 

CORNWALL 
Dolcoath 

This Company is working the Dolcoath, Wheal Harriett, 
Stray Park, West Stray Park, and Cook's Katchen mines, all 
situated at Camborne. Dolcoath, the deepest mine in Cornwall, 
has been described so completely by Mr. MacAhster and Mr. 
CoUins, whose reports and works appear in the bibliography, 
that little need be said here with regard to the various lodes 
except a few remarks concerning the recent reports. These 
show a considerable decline in output and heavy financial 
losses. The report for the six months ended June 30, 1919, 
record a loss of over £19,000, although the quantity of ore 
raised shows a slight increase. The following table shows the 
returns for the last three periods of six months : — 





June 30, 


Deo. 31, 


June 30, 




1918. 


1918. 


1919. 


Tons ore milled 


32,783 


28,716 


28,877 


Black tin sold, tons . 


424 


403 


387 


Recovery per ton milled, lb. 


28-97 


31-45 


3005 


Average price per ton of black tin 


£189 


£189 


£118 


Black tin sales, value. 


£79,917 


£76,104 


£45,876 


Total receipts'! per ton of ore 
Working cost j milled . 


50s. Ud. 


57s. lU. 


33s. 3d. 


41s. Ud* 


47s. 9d. 


46s. 9d. 


Profit, per ton ... . . 


9s. 


10s. \d. 


. 


Loss, per ton . . . . 


— 


— 


13s. 6d. 



Includes Is. 9d. for royalties; company now owns the freehold. 
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The development footage is very small, the total for the 
last six months being only 460 feet. It is probable that there 
will soon be exploratory work at the 352-fathom level west of 
Stray Park shaft. For 6 fathoms the lode averaged 60 lb. 
per ton, but it then reached disordered ground and became 
split up, and the same state of affairs was found in the cross- 
cut put out to intersect the lode at the lower level of 375 
fathoms. It was stated in October, 1919, that a rise was being 
put up from the 352 to communicate with the 338-fathom 
level, as soon as this latter is extended sufficiently. Much is 
expected from these western explorations. Apart from these 
and the development in depth of the main lode, there are no 
other points of attack likely to open up any considerable 
amount of payable ore. 

East Pool and Agar, Limited 

The Company holds the mineral rights of the East Pool, 
Carn Brea, Barncoose and Wheal Tehidy setts. Wheal 
Agar, containing the famous Rogers lode formerly leased by 
this Company from Viscount Clifden, is now the property of 
the Tehidy Minerals, Limited. 

The mine is situated on killas which has been much altered 
by the granite which it covers. It is traversed by several 
lodes and an elvan dyke. The lodes include the Engine, 
Great, Caunter, South, New South, Middle, New North, Palmer's 
and BranweU's lodes. 

The granite Ues 135 fathoms below the surface at Engine shaft, 
but rises to the surface about a quarter-mile south-east of it. 
The Main or Engine Lode underUes 50° S. to the 36-fathom 
level ; from 36 to 60 fathoms is vertical ; 60 to 150 fathoms 
15° S. Middle Lode is north of the Great Lode, and imderUes 
south. It is rich in both tin and wolfram. Palmer's Lode is 
vertical to the 50 -fathom'^ level, and then imderlies S. at 13°. 
North, or Reeve's Lode, underKes N. 20°. South Lode also 
underlies N. 20°. At adit-level its width is 1 foot, which in- 
creases to 7 feet at 130 fathoms, where the lode contains tin, 
wolfram and arsenic. On the Middle Lode there are three 
levels, the 200, 228, and 240-fathoms. At° the 240-fathom 
level the north cross-cut has been extended to over 86 feet ; 
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it cut the Middle Lode at 68 feet, and averaged 13-5 lb. black 
tin and woKram per ton over a width of 4*5 feet. A lode was 
struck during 1915 yielding 35 lb. per ton of black tin. It 
was estimated in that year that 1,500 tons of black tin were 
ready for stoping on a length of lode of less than 200 feet. 
The mine is connected by an electric tramway with the G.W.R. 
main Une, near Camborne Station. Work at this mine has 
been continuous from 1835. Between that date and 1905, 
38,940 tons of tin and nearly 5,700 tons of copper have been 
won. 
The output for the years 1914 to 1917 was as follows : — 





Tons. 


Cwts. 


Value. 


1914 

1915 

1916 

1917 


644 
597 
914 
934 




12 


£ 

54,836 

53,042 

94,496 

128,648 



In 1918 the number of employees was 520 (300 surface and 
220 underground). The total development was 4,215 feet. 

South Crofty 

This Company holds leases of the South Crofty, New Cook's 
Kitchen, and North Crofty mines. The mine lies on altered 
killas to the north of the Carn Brea granite. The lodes are 
numerous. Those at South Crofty are also worked at East 
Pool at the eastern end of the sett, and have a general trend 
E. 30° N., which changes westward to about east and west. 

At New Cook's Kitchen the North Tincroft's Lode is the 
most important ; it has a north-easterly bearing and northerly 
underlie. Cross-courses are numerous and run north-west and 
south-east. The lodes are usually tourmalinized and consist 
mostly of quartz with a large percentage of chlorite ; they carry 
tin, wolfram, copper, mispickel, haematite and stannine. The 
average content of the ore from the middle level crushed during 
1916 was as follows, in lb. per ton : — 
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Tin . . . . 20-10 

Wolfram 3-09 

Araenic 20-88 

Copper and sundry products .... 9-86 

giving a total value at the average prices for the year of 
£1 6s. 10-07d. per ton of ore crushed. 

There is an adit at 30 fathoms beneath the surface, and 
the levels are named according to their depths in fathoms 
below the adit. 

Bickford's section lies in the eastern part of South Crofty. 
Development is being carried on at the 160-fathom and other 
levels, down to 310. 

Robinson's section lies to the west. Development is pro- 
ceeding at levels between 140 and 290 fathoms. Other lodes 
in this section are the Middle and North, from which varied 
values are obtained. 

A vertical shaft has been sunk at New Cook's Kitchen to 
200 fathoms, and a cross-cut at 205 fathoms will connect with 
the South Crofty workings. 

A cross-cut to the north at the 80-fathom level west en- 
countered a branch of the Main Lode and yielded 30 lb. of 
tin and woKram to the ton. The mine is 560 yards from the 
Cam Brea Station on the G.W.R. East Crofty Mine was 
started in 1832, and South Crofty in 1854, mainly for copper. 
As the depth of the workings increased, tin became the chief 
product. 

The output for the last few years has been as follows : — 



19U 


581 tons, 


18 cwt.. 


amounting to £53,046 


1916 


690 tons. 


8 cwt., 


„ £64.884 


1916 


696 tons, 


10 cwt., 


„ £63,325 


1917 


695 tons, 


2 cwt.. 


„ £83,781 


1918 


681 tons, 




„ £113,043 



The tremendous rise in the price of tin even in 1918 is easily 
perceived, as the output in 1914 and 1918 was practically the 
same, while the value in the latter year is more than double. 

The total development of South Crofty is 3,572 feet, in 
addition to some 2,300 feet bored by diamond drill, which has 
been accomplished in various sections of the property. The 
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number of employees in 1918 was 464, of which 216 were 
surface and 249 underground workers. 



Tincroft Mines, Limited 

This Company, prior to September, 1920, leased the Tincroft 
Mine situated at Carn Brea from Viscount Clifden, but as 
mentioned elsewhere his property has now been sold to the 
Tehidy Minerals, Limited. Tincroft lies about midway between 
Redruth and Camborne. The old Carn Brea mine lies partly 
in granite, but Tincroft is entirely in granite. Particulars of 
the lodes given in the following table are taken from the 
Memoir of the Geological Survey on tungsten and mangan- 
ese ores (1916) : — 



Name of Lode. 


Bearing of Lode. 


Underlie. 


Width. 


Druid caunter 


E. 20° S. 


Nearly vertical. 


1-3 feet. 


Jenkins . 


— 


10° N. 





Vigur's . 


~ 


Nearly vertical. 
/13° S. to SO-fm. 
level. 


3 „ 


league's 


— 


J 10° N. to 80-fm. 
• level. 
10°S. tol50-fm. 
V level. 


V 2-7 feet. 


Dobree's 


Branch of Teague's 
on south side. 


18°-30° N. 


— 


North or 


Branch of Teague's 


27°-40° N. 


2-6 feet. 


Dawe's 


on north side. 






Hichen's 


— 


20°-40° N. 


A few inches 
to 1| feet. 


Highburrow 


E. 30° N. 


Nearly vertical. 


2-12 feet. 



A certain amount of wolfram is found in association with 
the cassiterite. Fluorspar is rarely found with tin, but occurs 
usually with copper, and as copper does not " make in depth," 
but dies out as tin becomes abundant, so the fluorspar is found 
chiefly in the upper levels of the mine. Of the annual output 
of the mine 80 per cent, is tin, 3| per cent, wolfram, and the 
remainder divided between arsenic and copper. In November, 
1919, good progress was made on the South Lode in the Tyries 
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section, and the following figures taken from the previous 
monthly report were as follows : — 





Average width 
sampled. 


Assay-value lb. 
black tin per ton. 


224-fathom level 

214-fathom level 

208-fathom winze 


4 feet 
4 feet 
4 feet 


56 
60 
95 



Tincroft has been worked more or less continuously since 
1815 and has yielded about 59,000 tons of black tin, besides 
nearly 25,000 tons of metallic copper, 12,000 tons of crude 
arsenic, and about 500 tons of wolfram. 

The output for the years 1914 to 1918 will be found in the 
table at the end of this section. 

The production of black tin for 1918 was 379 tons, valued 
at £73,443. The development was 3,505 feet, and the number 
of employees 609, of which 345 were surface and 264 under- 
ground workers. 

Tehidy Minerals, Limited 

This Company was formed on February 3, 1919, to acquire 
from Dolcoath Limited, and East Pool and Agar Limited, 
the mining rights over about 8,000 acres which previously 
formed part of the Tehidy Estate, Camborne. Most of the 
mines had long since been abandoned, but many are now 
being re-started. The following is a list of the various mines 
included : — 



Basset. 


New Cook's Kitchen. 


Seton, West. 


Basset, North. 


Seton, East W. 


Trevenson. 


Basset, South. 


Seton, Gt. North. 


West Roskear. 


Crane Mine. 


Seton, New. 


Wheal Emily Henrietta. 


Carn Brea, South. 


Seton, South. 


Wheal Francis. 


Crofty, South. 


Seton, Violet. 


Wheal Wellington. 


Crofty, North. 







The Company also owns large expansions of unprospected 
land and many tin stream works. 
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A complete investigation of the geology of the district has 
ah-eady been undertaken. The estate extends from Gwithian 
Sands on the west to Forth Towan on the east. The map of 
the district, taken by kind permission from the Mining Maga- 
zine, is explained in the July, 1919, issue of that paper as 
follows : — 

The horizontal hatching indicates the parts of the estate 
where the company owns the whole of the mineral rights, 
either from the surface downward or below a depth of 15 
fathoms ; while the vertical hatching represents parts of the 
estate where the Company owns varying shares of the mineral 
rights. The topography shows the position of Dolcoath and 
of East Pool, together with the Tolgus properties, which are 
being developed by the latter. In between, the position of 
South Crofty is indicated. As regards the tracts where the 
Company has the entire rights from the surface downward, 
these are confined chiefly to the line of the Red River and 
to the Gwithian Sands at its mouth. It is probable that the 
Company wiU associate itseK with the Company owning the 
lease of Gwithian Sands for the purpose of inaugurating a 
comprehensive dredging campaign, and that it wiU undertake 
similar work on the river itself. As regards prospective 
lode-mining, the intention is to attack the deep levels of 
the lodes to the north of the present line of workings between 
Camborne and Redruth. In earlier times properties such as 
the Seton have yielded copper ores from the kiUas, otherwise 
slates, and there is every reason to believe that where the lodes 
enter the granite workable tin ore wiU be found. These 
northern lodes, however, enter the granite at too great a depth 
for the older mining operators, but with modern improvements 
in methods this fact should present no difficulty. Mr. Moreing's 
system does not involve any reopening of old shafts or the 
unwatering of old workings. His plan, as demonstrated at the 
Tolgus, is to prospect laterally at depth by means of cross-cut 
and bore-hole. British metalliferous mining has never before 
been the subject of so comprehensive a scheme of examination 
and development as is proposed by Tehidy Minerals, and 
Cornwall should reap great advantage from the campaign. 
In September, 1919, the Mining Magazine recorded a much 
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more important transaction in reference to the Tehidy Minerals 
than even that described above, namely the transference to 
the Company of the mineral rights of Viscount Qifden for a 
sum of £200,000. The mineral rights acquired relate, in the 
aggregate, to over 25,000 acres, principally situated in Mid and 
West Cornwall. The principal rights acquired in Mid-Cornwall 
are chiefly those for china-clay and so do not concern us here. 
In West Cornwall, the mines which are being worked include 
Wheal Agar (leased to East Pool and Agar, Ltd., in which the 
famous Rogers Lode is located) and Tincroft mines, while in the 
parish of Illogan the areas acquired adjoin and fit in with the 
other setts already belonging to the Company ; so that, if, as 
seems likely in the future, large propositions are to be the order 
of the day, it will be very helpful to this end that the minerals 
will be under one ownership. As this Company is now the 
largest owner of mineral rights in the country, it is interesting 
to note that the Directors of the Tehidy Minerals state that 
they will not adopt the system of granting leases on a royalty 
basis as has hitherto been the custom in Cornwall among the 
owners of mineral rights, but instead will encourage the 
formation of subsidiary companies in which Tehidy Minerals 
wiU obtain substantial interests. 

The Levant Mine 

This mine is situated at the margin of the St. Just granite, 
which is hard and overlain by horn-felsed killas and green- 
stone. The productive ore-ground in Levant is confined to 
those parts of the lodes which traverse the killas and green- 
stone, whUe in the granite, except in the upper levels, the lodes 
are barren. They, however, contain a variety of minerals, 
the principal of which are ores with copper and tin ; timgsten 
has been found in the form of scheelite. There is also much 
mispickel and arseniate of iron. The mine, which extends under 
the sea, has been worked continuously since 1820. 

The northern lode in the sett is the Prince of Wales' Lode, 
which was intersected by a cross-cut driven north from the 
North Lode along a "guide " near the Old Submarine shaft at 
about the 170-fathom level. It was again met with in the 
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deep workings at the SOO-fathom level near the North Sub- 
marine shaft, forming a junction westwards with the South 
Lode. The North Vein lies about 150 fathoms south of the 
Prince of Wales' Lode. It has been fairly productive, and 
during a depression in tin about £25,000 worth of tin ore was 
raised from it, helping the mine through a critical period. 

In the North Lode, which has been worked for years in the 
greenstone "country," the occurrence of copper and tin is 
remarkable for its association at the 200-fathom level with a 
cinnamon-coloured garnet vein which occurs in the lode as 
does a quartz vein. Gomg southwards there is the Old Bal 
Lode, which was rich in tin and copper ores in its upper level, 
but poor lower down. 

The South Lode runs in an eastwardly direction in the 
Old Bal Lode. The general bearing is N. 40° W. with a northerly 
underUe. The 278-fathom level runs seawards for about a 
mile. Although the main workings are below the sea the mine 
is described as " very dry." In the old days before the mine 
was so deep, it is recorded that an occasional panic was caused 
by unexpected flows of sea water finding a way into the working 
places, and Carne states that stones could be heard rattling on 
the sea bottom at the time when the mine was only 42 fathoms 
deep. In 1852 the sea actually did break into a winze above 
the 40-fathom level at 150 fathoms west of the engine shaft. 

In 1857 a man-engine, which had been introduced from 
Germany in 1842 and had first started work at the Tresavean 
Mine near Redruth, was installed at the Levant for the purpose 
of lowering and raising the miners from the various levels, 
thus saving much time and trouble. As recently as October 20, 
1919, an accident occurred with this machine, which proved 
one of the worst disasters ever recorded in the long annals of 
Cornish mining, no less than thirty-one fives being lost. A full 
description of the man-engine and the accident is found on page 
285 of the Mining Magazine for November, 1919. As is men- 
tioned later on, a new vertical shaft has been decided on, and a 
winding-engine already purchased, so that at the time of the 
accident the man-engine had only quite a short time to run 
before its final removal. 

Two submarine shafts were constructed to obviate long 
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haulage tunneb from the skip shaft. The temp^ature in the 
deepest workings is 91° F. 

The output of black tin has been recorded without any 
interruption since 1852, in which year the number of tons 
was 57. Three years later it was 310 tons. This was the 
highest output until 1884, when the figrire was 317 tons. 
The best year was 1893, with a total of 665 tons. The output 
for the period 1914 to 1918 was as foUows : — 



447 tons 
462 „ 
437 „ 
372 „ 
278 „ 



£ 
36,912 
40,864 
44,374 
48,142 
63,828 



In this year the average recovery of black tin equalled 
61 lb. per ton of ore milled. The development was 1,305 feet, 
and the number of employees 302, of which number 137 worked 
on the surface and 176 underground. A strike during 1918, 
which lasted some weeks, caused a considerable loss in the 
tonnage handled. 

The Levant Mine has lately been working at a loss, the chief 
difficulty being that as the mine is run on the cost-book system, 
nothing is put to a reserve. In October, 1919, it was recorded 
in the Mining Magazine that it was proposed to sink a new 
vertical shaft and that already a winding-engine had been 
purchased. New financial arrangements should ensure the 
mine being operated without loss. 

Geevor 

This Company holds leases from the Lords of TreweUard 
of the Geevor, North Levant and Wheal Came Setts, situated 
at St. Just, Cornwall. 

Recent reports of the mines show very good results of the 
development work carried on for the year ended March 31, 
1919. It amounted to 3,267 feet, practically aU of which was 
on lode. The reports state that from 11 different ends the 
assay value averaged 42 lb. black tin over a width of 3 feet, the 
ore reserves being estimated at 144,000 tons, or over 5 years' 

D 
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supply for the present mill. There are, moreover, great 
expectations that the seventh level will open up large supplies 
of ore, and that the western section of Geevor and Wheal 
Came wiU furnish considerable quantities of ore of at least 
average milling value . For the t welv e months ended March 3 1 , 
1919, the tonnage miUed was 25,919, from which was produced 
439 tons of " black tin," or a recovery of 37-9 lb. per ton. 
The average price realized was £174, or, in all, £76,514. 
The output for the years 1914 to 1917 was as foUows : — 





Tons. 


Cwts. 


Value. 








£ 


1914 


380 


12 


32,793 


1915 


348 


2 


30,589 


1916 


332 


19 


36,762 


1917 


298 


12 


43,849 



The number of employees in 1918 was 303 (98 surface, 
205 underground). 

Long extracts and plans concerning this mine are found on 
pp. 377-9 of the Mining Magazine, December, 1919. 

Duchy of Cornwall 

The mines included under this head are Kit HiU, Kingston 
Down Consols, and Gunnislake Glitters situated at Gunnis- 
lake, Cornwall. 

As can be seen from the table at the end of the section, these 
mines are still only in the development stage. At the Kingston 
Mine the lodes have a general bearing E. 12° N.,the two prin- 
cipal of which are known as the Main or Bayly's, and the 
South or Hitchins' respectively. The underlie is north at 
about 60°. The widths vary considerably : at 65 fathoms 
Hitchins' Lode is 20 feet wide with about 3 per cent, of tin ore 
and wolfram, while Bayly's Lode averages 1-1 per cent, of tin 
and wolfram, and 0'3 per cent, of copper at 150 fathoms, 1'5 
per cent, of tin and wolfram at 140 fathoms. At lower depths 
the lode thins out in copper, but becomes richer in tin and 
wolfram. In the Glitters Mine the lodes are nearly parallel 
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to the main lode of Hingston, and are considered to be identical 
with those at Hawkmoor and Bedford United Mines. The 
better lode of the two appears to be that known as No. 2, 
which gives assay values up to 7 per cent, of tin and wolfram, 
and an average of about 3 per cent. 

These mines were worked by the Hingston and Glitters 
Mining Company until 1909. A railway runs through the 
property with a station close to CHtters Mine. The Tamar is 
navigable as far as Gunnislake, within 1^ miles of the works. 
All the mines were origiaaUy worked for copper, while Old 
Gunnislake has yielded uranium minerals. 

Little has been done in the Kit HiU Section as yet. It is 
proposed to work the mine by adits driven from Deer Park 
Wood at the northern foot of the hiU. 

As the various mines cover a large area, an aerial ropeway 
has been installed on the mono -cable system. The capacity of 
this line is from 12 to 20 tons per hour. In 1918 the total 
development footage was 1,500 feet, approximately, while in 
the same year the number of workers was 170, 70 being surface 
and 100 underground workers. 

Killifreth 

This Company holds on lease from Lord Falmouth the 
KilUfreth Mine, which is situated at Chacewater. 

This mine has now been unwatered to below the 40-fathom 
level on the north lode and the 50-fathom level on the middle 
lode. The old stopes are being sampled and assayed as the 
water recedes, and in November, 1919, there was 2,000 tons of 
ore assaying 50 lb. black tin per ton in sight. 

It was reported at the end of 1919 that arrangements had 
been made to lease the battery on the adjoining derelict Great 
Wheal Busy property. But owing to the death of the Belgians 
who worked this mine during the war, the Killifreth Company 
bought it up. 

At the last General Meeting (September 28th, 1920) share- 
holders were asked to create new shares in order that the 
capital could be increased to £175,000, so as to be able to deal 
favourably with the tin ore and arsenic which occur in large 
quantities in newly-purchased property. 
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An additional fifteen heads of stamps is in the course of 
erection, and within three months, when they are in running 
order, it is expected that about 2,000 tons of ore a month will 
be crushed. 

Kingsdown 

In February, 1920, it was stated that the Kingsdown (Hewas 
Water) Tin Mines, Ltd., had been formed to re-open shallow 
mines south-west of St. AusteU. Developments have been 
continued steadily. The main shaft has been simk to 203 feet, 
and driving has been done along two lodes, at depths of 150 
feet and 120 feet respectively. At the former the width is 2 
feet, and ore averaging 50 to 60 lb. of black tin per ton has been 
raised ; at the latter the lode is 4 feet wide and averages 35 lb. 
Cross-cutting is in hand to intersect two other lodes. The 
Ventonwyn property adjoining has been acquired on option ; 
this is believed to contain continuations of the Kingsdown lodes 
in addition to the known lodes. Messrs. Pawle & Brehck are 
the consulting engineers. 

Ding Dong Mine 

It was reported in a recent issue of the Mining Magazine 
that this ancient tin-mine situated at Madron, north of Pen- 
zance, is to be reopened. A few years ago the extensive 
dumps on this property were worked with a small amount of 
profit when the price of tin was less than it is at present, but 
with the fall in price operations had to be suspended. The 
ground is very clayey and there is a large deposit of china-clay 
in this extensive property. 

Grenville 

It was reported in September, 1919, that the financial 
resources of this Company were exhausted, and that the 
Directors had decided on a scheme of reconstruction which 
was shortly to be put into execution. The development 
work already undertaken by the above did, in the upper levels, 
give encouraging results. In January of this year it was re- 
ported that payable tin ground had been located on the north 
lode at the 80-fathom level from Goold's shaft in the western 
section of the property. At present the pumping equipment 




a 
S 

•a 



EUROPE 37 

will need conBiderable overhauling before any extensive develop- 
ment can be carried out in the deeper levels. 

Peevor United 

This Company holds leases of the Peevor United, Wheal 
Peevor, North Town and Black Dog Mines, which are situated 
at Soorrier. These mines are in altered sedimentary rocks 
belonging to the Mylor Series, but granite occurs at depth. 

At Peevor the lodes are intersected by the county cross- 
course. There are several lodes common to both North Town 
and Wheal Peevor which have a trend of about E. 30° N. On 
the east side of the Peevor fault the lodes contain wolfram in 
association with the cassiterite. The production in 1918 was 
9 tons of black tin, valued at £1,791 . The number of employees 
was 38 — 28 surface and 10 underground workers. 

Poldice 

This mine, which has recently been reopened, lies three- 
quarters of a mile north-east of St. Day Church. The mines 
are in killas which has been metamorphosed by the neighbour- 
ing granite. The lodes are numerous and have a general 
north-easterly trend. Only three contain tin, which is accom- 
panied by wolfram to some extent. No output statistics are 
yet to hand. 

THE DEVONSHIRE MINES 

Bedford United 

This mine is situated on the Devon slope of the Tamar 
Valley, half a mile north-east of New Bridge, Gunnislake. 
The mine is in killas of Devonian age ; the lodes resemble those 
at East Hawkmoor, and further west at Clitters. They trend 
E. 15° N., and underlie south. No. 1 Lode shows about 1'5 
per cent, of mixed tin and wolfram and 3 per cent, of arsenic, 
with an average width of 1 foot 6 inches. The total depth is 
about 150 fathoms, at which depth it is drained by the deep 
adit. 

In 1918, 3,390 tons of ore were milled, giving, according to 
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the Cornish Chamber of Mines Year Booh, the following pro- 
duction : — 





Toua. 


Value. 






£ ■ 


Black Tin 


22 


4,284 


Arsenic 


197 


18,166 


Wolfram 


5 


1,092 



The number of employees in 1918 was 76, of which 46 were 
surface and 30 underground workers. 



Devon Friendship (Wheal Jewel and Marytavy Mines) 

The best known shafts in this mine are those in a scheeUte- 
bearing lode which was originally worked for arsenic. It 
occurs in the culm measure shales near an intrusion of green- 
stone. The lode carries much arsenic, but scheeUte also 
occurs accompanied by tin, chalybite, etc. The lode was 
worked to a depth of 50 fathoms, with an adit at a depth of 
20 fathoms. During the last few years the dumps from this 
lode have been treated almost entirely for tin. The milled 
product containing tin and scheelite has been recently left 
intact and the product sold as black tin, but this only fetched 
£65 per ton when black tin was about £90. 

Hemerdon Mines, Ltd. 

This Company was formed during the war for the purpose 
of swelling the supply of tungsten necessary for munition 
making . The Hemerdon Mine is situated on the southern fringe 
of Dartmoor, about seven miles from Plymouth. A full and 
detailed account of this mine is given by Mr. Terrell on pages 
75-87 of the February number of the Mining Magazine for 
1920. 

Numerous pits were sunk in the decomposing igneous ground, 
and each pit exposed a network of small veins containing good 
wolfram values. The western margin of the igneous ground 
was soon found, but only occasional specimens of wolfram were 
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obtained, the ground in bulk containing 2 to 3 lb. of cassiterite 
per ton. The greatest depth reached was 44 feet, and the 
longest pit 70 feet by 4 feet by 15 feet. The mineral contents 
of the material excavated from the pits averaged 10 lb. of 
wolfram and cassiterite per ton, including the overburden, 
which varied between 3 and 6 feet in depth and contained only 
2 to 3 lb. of wolfram and cassiterite per ton. The veins, which 
vary in thickness from a fraction of an inch to 4 feet, are 
very closely associated. They dip into and occasionally 
cut-out each other in an astonishing manner. In 1918, 5,044 
tons of ore were milled, from which were produced 2 tons of 
black tin valued at £259, and 10 tons of wolfram valued at 
£1,700, the average recovery being 6-2 lb. per ton milled. 
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{B) SCOTLAND 

The only occurrence of tin in Scotland is in East Ross. 
A description of the garnetiferous albite gneiss in which the 
tin, in the form of oassiterite, occurs is given in the Memoirs 
of the Geological Survey of Scotland, No. 93, 1912. Although 
at present no economic use has been made of the cassiterite 
since the outcrops of the granite occur in a deer forest, there is, 
however, no reason to believe that a practical test would not be 
worth while. 

The following details are taken from the above-mentioned 
report. 

In the rather fine-grained reddish granite-gneiss about half 
a mile south of Diebidale Lodge, several dark gneissose bands 
are observed which weather in round blocks and disintegrate 
readily into a brownish soil. They can also be distinguished 
in the field by the following characters : — 

1. The great abundance and size of the biotite flakes. 

2. The presence of garnet, sometimes in round lumps an 

inch or two in diameter. 

3. The abundance of white plagioclase, determined by 

Dr. Flett to be albite. 

4. The carious mode of weathering, due to the presence of 

scattered grains of some carbonate. 

5. The presence of strings of heavy black ore. 

The strings of black ore mentioned above have been found 
on chemical examination to consist chiefly of magnetite mixed 
with variable proportions, sometimes as much as 15 or 17 per 
cent, of cassiterite. Biotite is not uncommon within the 
strings, in flakes lying parallel to the sides. 

It seems probable, on the whole, that these garnetiferous 
albite gneisses represent basic segregations of an unusual type, 
or else peculiar veinstones formed in the granite gneiss. 

Two main bands of this grey albite gneiss have been mapped. 
The crop of the more northern one runs north-east, and has 
been traced about 250 yards, while the crop of a higher second 
band, 70 or 100 yards south-east of the other, has been followed 
in an E.N.E. direction for 100 yards. The foliation in the 
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adjacent red granite gneiss is not always distinct, but it appears 
to be approximately parallel to the bands. The northern 
band is as much as 15 yards wide in places, and contains 
more garnet than the southern band but a less proportion of 
the black ore. In the southern band, the greatest thickness 
of which is 10 yards, the strings of ore are occasionally three 
inches thick. Between these two main bands comes another 
thinner one which also contains streaks of black ore. 

It is possible that both the main bands continue considerably 
further than they have been traced, for the hill surface is to a 
large extent obscured by drift and loose blocks, both in the 
north-east and south-west directions. A small exposure of 
somewhat similar rock is seen on the west side of the forest 
path about half a mile slightly east of south of the Lodge, 
but we cannot be sure to which band it belongs. About 200 
yards south of the southern band a number of pieces of the 
black ore have been found, and some of these are as large as 
any observed in situ. It is certain from the knowledge of 
the drift " carry " in the neighbourhood, that these pieces 
cannot have been derived from any of the exposures described, 
and it is probable that they have been carried from bands, 
now hidden under drift, which he to the south or south-west. 

These grey gneisses show a coarse-foliated structure and 
seem to pass gradually into the red gneiss, usually through an 
intermediate zone about a yard wide. The neighbouring red 
gneiss a little distance off the grey bands occasionally shows 
dark magnetic laminae and also garnets as large as beans. 

The black ore in the grey gneiss is very irregularly distributed, 
but most commonly it occms in lenses and streaks which lie 
nearly along the foliation. Magnetite occurs also, however, 
intergrown with garnet and in small octahedra within felspar. 
The margins of the black lenses and streaks are generally 
slickensided, but in the middle band the marginal parts of the 
streaks interlock with felspar, and are bordered by a fringe 
of scattered grains of black ore. 

The south-east (higher) band is crossed by a thin dyke, 
now composed of calcareous biotite schist. The dyke is not 
crossed by any black ore streaks, though such streaks occur 
near its side and strike at it. 
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The following is the analysis, executed by Dr. Pollard, of 
black ore material obtained from chips detached from three 
different parts of one hand specimen, but it cannot be regarded as 
an indication of the mean composition even of this specimen : — 
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CaO 
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SnOa 
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H2O at 105° C. 




0-06 


H2O above 105° C. 




0-43 


Total 


100-30 




(0) IRELAND 





Traces of cassiterite have been found in the lead-lode of 
Dalkey, Co. Dublin. They are in aU probabiHty connected 
with the local granite, but are of little importance. 

Similar traces occur in the stream-gold and magnetic sand 
alluvium of the Goldmine River, south of Woodenbridge in 
Co. Wicklow, and have been reported from Kilcrohane, Co. 
Cork. 

Minute crystals have also recently been found in a geode of 
the granite of the Mourne Mountains, Co. Down. 

As early as the ninth century Nennius mentioned tin near 
Lough Leane, Co. Kerry, in his Historia Britonum. This is 
corroborated by Smith in his natural history of Kerry, but 
no tin has been found there in recent years. 
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CHAPTER III 
ASIA 

(A) MALAYA 

I. INTRODUCTION 

(a) Climate. — (6) Gnotoov. — (c) Rivers. — (d) Roads and Railways. — 
(e) CuBBBNCY. Weights and Meastjues. 

GEOGRAPHICALLY, the Mnlay Peninsula stretches from 
the Isthmus of Kra (10° N.) to Tanjong Bulus (1° 16^' 
N.) ; but politically the most northerly point is 6° 42|^' on 
the western side of the peninsula (the state of Perils) and 
on the eastern side 6° 16' N. (the state of Kelantan). 

The greatest length, measured from the Isthmus of Kra to 
Cape Rumenia (or Romania) is roughly 750 miles, and from 
north-east PerUs to Rumenia about 475 miles, while the 
greatest width is roughly 200 miles, this latter distance being 
measured from Tanjong (promontory) Pen-unjut in Trengganu 
to Tanjong Hantu in the Bindings territory. 

The total area of the Malay Peninsula is estimated at 70,000 
square miles, while the total area of British Malaya is 51,725 
square miles. This is diAdded up as follows : — 

Area of Straits Settlements 1,500 square miles. 

Area of Federated States . . 2(1,380 

Area of other States . . 23,785 

The boundaries on the i.orth are Siam, on the south the 
island and Straits of Singapore, on the east the China Sea, 
and on the west the Straits of Malacca. 

(a) Climate 

Practically the only complaint made by Europeans against 
the climate of Malaya is the extreme humidity of the atmo- 

55 



56 TIN RESOUECES OP THE BRITISH EMPIRE 

sphere. This especially applies to Singapore, but except during 
the north-east monsoon, the states of the mainland are 
comparatively dry : the temperature varies between 70° and 
90° F. 

At Singapore the average for the year is about 80° F. The 
nights are always cool and the temperature falls to between 
70° and 75° F. 

The rainfall is more or less evenly distributed throughout 
the year, the dry seasons being more marked in the northern 
states. In Singapore it rains for about 170 days in the year, 
the heaviest being in January and the least in May and June. 
The yearly average in the hilly inland districts is about 150 
inches, while in the drier states it is about 75 inches per annum. 

Malaria is not common, and where common precautions are 
exercised only occm-s where the earth's sittface has been dis- 
turbed owing to felling of forests. Europeans find the climate 
relaxing and enervating, but people with ordinary health can 
remain for five or six years at a stretch. 

(&) Geology 

The best known portion of the Malay Peninsula lies SQuth 
of a line drawn from Penang south-east to the junction of 
Perak, Kelantan and Pahang, and thence eastward to the 
sea on the Trengganu coast, and north of the state of Johore. 
Outside this area the geology of the country is still imperfectly 
loiown, though the broad geographical featiures have been 
surveyed. 

The geological mapping of the Malay Peninsula has not 
been completed, and will not be completed for several years ; 
but it has progressed far enough to make it possible to construct 
two sections showing the main features. 

Section No. 1 is from Kuala Selangor , in the Straits of Malacca, 
to Kuala Kuantan,on the coast of Pahang, one of the Federated 
States on the east side of the peninsula. 

At Kuala Selangor is a smaU granite hiU that was in recent 
times an island. Going eastward, a stretch of flat " coast- 
deposits " is crossed, and then rough, hilly country in which 
quartzite predominates is entered. Nearer the main granite 
range phyUites become predominant over quartzite, the two 
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types being members of a group of shallow-water deposits 
that have been proved by fossils to be Mesozoic in age. They 
are older than the granite of the Main Range and all the 
granite outcrops examined so far in the peninsula. 

On the east of the Main Eange is a belt of shales and schists 
that are beheved to belong to the same group as the calcareous 
shales and Umestone farther east, beyond the Main Bange 
foothills. These latter are composed of the shallow-water 
group of rocks, quartzite predominating ; but there are abun- 
dant radiolarian cherts and siliceous shales associated both 
with the shallow-water and with the calcareous groups to the 
east of the main range. 

The calcareous groups are known by fossils to be late Palaeo- 
zoic in age, and have associated with it a widely-developed 
series of contemporaneous volcanic rocks, the Pahang volcanic 
series. 

The Benom Range is composed of hornblende granite chiefly, 
and has not been proved to contain any tin ore ; but small 
quantities of gold worked by Malays and Chinese have origi- 
nated from this less acid variety of granite. Syenite occurs 
also in this range. 

To the east of the Pahang River vaUey is a broad outcrop 
of the shallow-water rocks, carved into rugged hills of no great 
altitude on the line of tliis section. This is the most extensive 
outcrop of these roclcs Imown in the peninsula, and is there- 
fore called the main quartzite outcrop. 

East of the main quartzite outcrop again is a stretch of 
coimtry that has not been mapped in detail. It is tin-bearing, 
and is composed of rocks beheved to belong to the calcareous 
group, and of small intrusions of granite. 

At Kuala Kuantan is a headland of granite, in which are 
later veins of dolerite. 

Available evidence points to the granite and hornblende 
granite being late Mesozoic in age. The dolerite is probably 
of the same age as the Tertiary dolerites of the archipelago. 

The calcareous group does not appear on the west of the 
Main Range ; but limestone is known not far from the line 
of the section in close proximity to the granit«, and it may be 
at no great depth below the phyUites shown in the section. 
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Section No. 2 is from the Bindings, in the Straits of Malacca, 
to the headwaters (" Ulu ") of the Tembeling River in Pahang. 
The country east of Ulu Tembeling to the China Sea has not 
been mapped geologically, and little is known about its structure 
as yet. 

East of the Bindings is a broad stretch of the recent " coast- 
deposits," which give place to the shaUow-water rocks in the 
Perak River valley. A low ridge of hiUs formed of these rocks 
separates the Perak and Kinta rivers on the hne of this section, 
and there are intrusions of granite in the neighbourhood of 
Tronoh. East of Tronoh are rich tin-bearing clays and gravels 
overlying crystalline limestone of the calcareous group. These 
detrital tin-bearing deposits are not shown in the section. 

Where the hmestone abuts on the granite of the Main Range 
it forms one of the high and precipitous limestone hills that 
are found in many parts of the peninsula. 

In the main granite range two interesting points are shown 
in this section. Gunong (the Malay word for "mountain") 
Kerbau is capped by the shaUow-water rocks ; and there is 
also an island of altered calcareous rocks resting on the granite. 
Gunong Kerbau is somewhat to the north of the line of the 
section. 

On the east of the main range the calcareous and shallow- 
water rocks are found as in section No. 1. The small granite 
intrusion in the centre of the large outcrop of the calcareous 
group is probably connected with the Benom massif. 

The main quartzite outcrop in this section contains the 
highest mountain in the peninsula, Gunong Tahan (7,186 feet). 

All the bedded rocks older than the granite, that is the 
shallow-water group, the calcareous group, the radiolarian 
cherts, and the Pahang volcanic series, are much disturbed 
by folds and faults, so much so that the breadth of the out- 
crops and their height cannot be taken as any sure guide to 
the thickness of the groups. The Main Range and Benom 
massifs, however, occupy the axes of two broken and plicated 
anticlines, which meet in the main range foothiUs. The 
shaUow-water rocks on the top of Kerbau and the island of 
calcareous rocks shown in section No. 2 are remnants of the 
arch of one of these anticlines. 
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The calcareous rocks, which include much crystalline lime- 
stone, forming, in many parts of the peninsula, hills with 
vertical cliffs, rising from the surrounding coxmtry, have been 
described as the Raub series, and are beheved to range from 
the Carboniferous to the Permian periods. 

The quartzite and associated rocks are of later date than 
the oalcareouB rocks, ranging possibly from the Permian to 
the Jurassic periods. 

The Pahang volcanic series comprises lavas, ashes and 
masses of igneous rocks, contemporaneous with the Raub 
series and part of the quartzites and shales. 

Radiolarian chert and shale occur in many localities. Their 
relation to the other rocks mentioned above is uncertain. In 
Negri Sembilan the chert has been foimd interbedded with 
quartzite ; in other parts of the peninsula it is associated 
with the Pahang volcanic series and Raub series. 

The intrusion of the granite of the Main and Benom ranges, 
and other lesser- Itnown outcrops, took place in Mesozoic times 
after the calcareous and arenaceous rocks had been laid down ; 
but granite fragments in ash of the Pahang volcanic series 
near Singapore show that an earlier Palaeozoic granite 
existed. 

Certain tin-bearing deposits in Kinta have been described 
as of glacial origin, older than the Mesozoic granite, and as 
forming the base of the quartzites and shales. This view, 
however, has not been corroborated and another view of their 
peculiarities has been published. 

It was once thought that the Malay Peninsula had a back- 
bone of granite, i.e. a central granite range extending down 
from the north as far as Singapore ; but survey and geological 
work have shown that this is not the case. The main range 
of granite rises in the north somewhere east of the Patani 
River, and extending downwards in a direction sHghtly to 
the east of south, ends on the borders of Negri Sembilan and 
Malacca. The extensions of the Benom Range north and 
south have not been described, but there is some reason to 
believe that Mount Ophir is part of an outlying southerly 
l)rolongation. The main Gondwana outcrop is known to 
extend northwards into Kelantan, and it is probable that 
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similar rocks will be found in Johore, linking it up with quartzite 
and shale in Singapore Island. 

On the west of the Main Range again are other granite and 
quartzite masses. A spur from the main range forms the 
granite Kledang Range, which passes under quartzite hiUs 
between the Kinta and Perak rivers. On the west of the 
Perak River is another granite range extending northwards 
from the Bindings into Upper Perak, where very broken country 
is formed of quartzite and limestone hiUs lying on an irregular 
granite platform. Between the Krian and Larut districts is 
an isolated quartzite and shale range. North of this are 
scattered granite hills, such as Penang Island and BuMt 
Mertajam, which trend towards the granite of the Upper Perak 
district ; and finally another broad quartzite and shale out- 
crop, the Kedah-Singgora Range, extends southward from 
Singgora. Kedah Peak, a magnificent mountain, seen from 
Penang, is stated by a naturahst, who ascended it lately, to be 
formed of quartzite. 

The information gathered so far about the peninsula points, 
not to a central backbone of granite, but to a number of 
granite and quartzite ranges arranged en echelon, the main 
Gondwana outcrop not only playing quite as important a 
role in the geography of the peninsula as the Main Range, 
but containing the highest mountain in the whole peninsula, 
Tahan, iwhich is included in section No. 2 ; the next highest 
being Kerbau, or Riam as it is sometimes called (7,160 feet). 
Three patches of Tertiary rocks are known, one in Selangor, 
where a big seam of coal is being worked, another near Kuala 
Kangsar in Perak, and another on the borders of Perils and 
Singgora. Coal occurs in the last two also. 

Alluvial deposits are widespread, but many of the so-caUed 
alluvial tin deposits have been found to be soft, weathered, 
non-detrital deposits. 

(c) Rivers 

Malaya is well watered owing to the heavy rainfall. The 
chief rivers on the west are the Perak, Bernam, Klang and 
Muir. They flow through soft mud banks, and a glance at 
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the map will show their courses in connexion with the mining 
districts. 

The rivers on the east must be regarded as the only high- 
ways into the country, which purpose, owing to sand-barred 
mouths, they serve indifferently. 

As regards power faciUties and State control of natural 
resources in Malaya, all miners and others desirous of using 
water-power in any form have to obtain permission from the 
ruler of the state in which the mine or estate is situated. 
This law forms Section VII of the Land Enactment Act of 
1911, which is worded as follows : — 

" The entire property and control of all rivers is vested in 
the ruler of the state " ; 

while Part IV of the Mining Enactment Act for 1911 lays down 
the law in detail as to how their control is exercised with 
regard to mining rights. Miners are the chief users of water- 
power, but the Government, having complete control, uses the 
water for other purposes, such as the supply of towns, generat- 
ing electric power and for irrigation purposes. The Krian 
Irrigation Scheme cost the Government over $1,600,000 (a 
dollar = 2s. id.), by which several thousand acres of paddy 
land is watered. 

{d) Roads and Railways 

(a) Roads. — ^The road system of Malaya, considering the 
size of the country, is one of the finest in the world ; although 
it was not until the British had control of the Federated Malay 
States that real progress was made. The two factors which 
gave impetus to the road-maMng was the necessity of opening 
up the rubber estates and the tin mines. 

The chief difficulty encountered, as has been the case in 
nearly every coumtry throughout the world, was lack of fimds, 
and, in the first instance, the only roads made were cart tracks 
from the chief mining centres to the nearest rivers. In time, 
however, matters were remedied, and after one or two set- 
backs the roads were properly macadamized and stone bridges 
erected. The Chinese were the pioneers of this work, as they 
were in every work in the peninsula. Kuala Lumpur was the 
centre of the system, which branched out in all directions. 
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In 1916 there were 2,353 miles of metalled, 113 of unmetaHed, 
and 1,687 bridle and other roads and paths in the Federated 
Malay States, while in the Straits Settlements the road system 
is very complete, with, possibly, the exception of Bindings, 
which is of no real importance. At present the mifederated 
Malay States have, practically speaking, no roads at all. 

(6) Railways. — ^In the case of railways, the discovery of 
tin soon necessitated the building of railways in the peninsula, 
and the first hne was opened in 1885. A few other small lines 
were soon opened, and from these modest beginnings sprang, 
in a few years, the main Une which now runs from Bangkok to 
Singapore, with a total length of 1,1 84i miles. The attempt 
of the Germans to get complete control over this hne affords 
very interesting reading, but does not concern us here. 

In 1916 there were six main Unes, giving a total of 713 
miles, ten main and branch hnes and the leased Johore Hne, 
giving a total of 1,028 miles open for traffic. A glance at the 
accompanying map will give all details of the locahties served. 

(e) Currency, Weights and Measures 

Throughout all territories of the Straits Settlements the 
dollar is in general circulation and is the standard coin. It 
is divided into 100 cents, and there are 50-, 20-, 10- and 5-cent 
pieces, of which the first is seldom used. The value of the 
doUar is now fixed at 2s. 4d. Formerly the majority of native 
states coined their own money, the metal being an alloy of 
tin and lead. A few of these coins were stiU in use in 1912, 
but were fast disappearing. 

The following table shows the local currency and commercial 
weights and measures. 

Money. 
Copper Coins = J cent and 1 cent. 
Silver Coins = 5-, 10-, 20- and 50-cent. pieces, 
and 1 dollar (100 cents). 

Weights. 

Avoirdupois. 

I Tahil = 1^ oz. 

16 Tahils = 1 Kati = IJ lb. 

100 Katis = 1 Pikul = 133^ lb. 

40 Pikuls = 1 Koyan = 5,333^ lb. 
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Land Measuke. 
12 Inchi (inches) = 1 Kaki (1 foot), 
fi Kaki = 1 Depa (6 feet). 

■i (square) Depa = 1 Jemba (144 square feet). 
100 Jeniba = 1 Penjuru (14,400 square feet). 

4 Penjuru = 1 Lelong (1 square Orlong or IJ acre, nearly). 

1 Lelong = 2,400 square feet. 

24 Lelong = 1 square Orlong (IJ acre, nearly). 

II. HISTORICAL SKETCH 

Early records of mining in the Malay Peninsula are so rare 
and so recent in date compared with old records in European 
countries that " prehistoric " times of tin mining in thin part 
of Asia take one back only a little way in the world's annals. 
There is a tradition that the earUest tin miners M'ere Siamese ; 
but nothing is known with certainty, and specidation on the 
subject is of little, if any, value. 

When the British Government stepped in with a view to 
terminating the state of anarchy prevaihng in the peninsula, 
a condition of affairs that made trading extremely difficult, 
the Chinese miners were already established in the country, 
though their operations were impeded by oppression at the 
hands of the Malay rulers and by warfare among themselves, 
in which, if we may believe stories current in the Malay States, 
the opposing armies of mining cooHes were sometimes led by 
adventurous white engineers from Penang. 

Larut was then a well known tin-mining centre, and ore was 
certainly being won in many other parts of the peninsula. 
For instance, Mr. E. J. Valentine has pubhshed a very interest- 
ing account of the early history of the Klian Intan mine-field, 
situated in a part of the country which is now joined to the Upper 
Perak district ; and the Bundi Mine in Kemaman is known to 
have been worked continuously for nearly sixty years. 

A story of the beginning of the famous Gopeng tin-field, 
in the Kinta district of Perak, is probably typical of the mining 
conditions in those days. A Chinaman named Mopeng had 
a number of coolies working rich tin-mines in the Janka VaUey, 
south of Tapah in the Batang Padang district of Perak. In 
this neighbourhood also lived a Malay Rajah who was very 
fond of cock-fighting, a pastime in which Mopeng joined him, 
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both backing their birds with high stakes. One day Mopeng, 
piqued perhaps by losses to the Rajah, staked all his mines 
in the Janka Valley on his best cock. 

The Rajah accepted the challenge, and put up a bird against 
Mopeng's that secured victory for him and all Mopeng's mines. 
Mopeng now had a large force of coolies with no land to work ; 
so having heard that there was tin ore some twenty-five mUes 
to the north, he took his men there and opened the rich mining 
field now known as Gopeng, a corruption of the Chinaman's 
name. 

Neither the Malays nor the aboriginal Sakais and Semangs 
have done anything that could be called tin-mining on a large 
scale. The temperament of the Malays is not suited to hard 
work ; and the aborigines are too few in number and too 
primitive to undertake such operations. But both Malays 
and aborigines have done much in the way of prospecting ; 
while in some less accessible parts of the peninsula Malays 
have worked and may stiU be seen working small mines. It 
is probably to the Malays in particular that we owe the first 
discoveries leading to the development of the tin-mining 
areas in the peninsula ; and it may be remarked in passing 
that it was a Malay man looking for tin ore who discovered 
the coal now being worked in Selangor. 

Chinese also have done much prospecting for tin ore. In 
their case, as in that of the Malays and aborigines, it is numbers 
and mobility that have brought success. They care nothing 
for granite margins, and doubtless have wasted much effort 
in looking for tin ore in unlikely places ; but if there is a 
patch of ore in an area covered with jxmgle, it will be found 
quicker by a swarm of Asiatics, who can carry all they want 
for several days on their backs, than by the most scientific 
prospector. We hear fittle, however, of those Chinese pros- 
pectors who fail to find tin ore in payable quantities. They 
must be numerous ; but as they work on their luckier bre- 
thren's land their failure does not affect them seriously. 

III. DISTRIBUTION OF TIN ORE 

The tin ore mined in the Malay Peninsula, like tin ore in 
other countries, is aU derived from granitic rocks and has 
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associated with it the same minerals as those found in other 
countries. The ore bodies in limestone are of an unusual 
type, but their peculiarities are of scientific rather than econo- 
mic importance, except in so far as the abimdance of sulphides 
affects the concentration of the ore. Apart then from the 
debatable possibility of very old glacial deposits being found 
unassociated with the visible granite masses of Mesozoic age, 
the ore can only be expected where granite occurs, at its 
junction with older rocks, and in the alluvium derived from 
both. Not only is the granite barren of ore over large areas, 
but it has not been proved yet that the Benom Range, which 
is mainly a hornblende granite, contains any tin ore at all. 
On the other hand, it does afford gold in small quanti- 
ties. 

The tin ore is found in fairly well-defined tin-fields that 
are scattered over the peninsula. In the north there is a 
tin-field in PerUs, where detrital ore is found in hmestone 
caves. In the hinterland of Kedah is another small tin- field, 
not far removed from the Khan Intan tin-field of Upper Perak. 
A Uttle tin is won elsewhere in the latter district. Tin is 
worked in Krian and Larut, the Taiping tin-field having been a 
large producer in tl;e past. Tin ore has been worked in 
the Dindings, probably by slave labour. The Kinta tin-field, 
with its extension northwards into the Kuala Kangsar district, 
is the richest in the country. Southwards it extends into 
the Batang Padang district, Chanderiang being a weU-known 
mining locality. Another weU-defined tin-field occurs south 
of Tapah, and tin is worked also near Bidor, Sungkai and 
Tanjong Malim. 

In north Selangor, Kalumpang, Serendah, Rawang and 
Kuala Kubu are important mining centres ; and in the south 
are the extensive Kuala Lumpur and Singei Besi tin-fields. 
A li ttle ore is mined near the Negri Sembilan border. In the 
main range ore is, or has been, won at numerous localities, 
e.g., Bakau and Gumut. 

In Negri Sembilan are a few small tin-fields, the two best 
known being Seremban and Jelebu. 

A httle ore occurs in Malacca, some being found in the sea-bed. 

In Johore a tin-field has been recently opened up at Mersing, 
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on the east coast. Ore has been mined also further south at 
the Royal Jahore Tin Mines. 

In Pahang the most important^tin-fields are at Bentong and 
in the Kuantan district, where the Blat and Gambang rivers 
have afforded alluvial ore, while the Pahang Consolidated Co., 
Ltd., are working lodes. 

Tin ore is, or has been, mined in Pahang also among the 
granite hiUs of the main range, the best known localities 
being Sempam, Gapis, Sia, Kenong and Chinchong. At 
Manchis there is a small tin-field in sedimentary rocks. 

In Kemaman, Bundi forms a distinct tin-field. 

IV. TIN PROSPECTING 

In 1917, 71 per cent, of the total output of tin ore from the 
Federated Malay States came from Chinese-owned mines or 
mines worked by Chinese for other owners. The Chinese 
have now adopted European methods of mining to a consider- 
able extent ; but there are still many mines where one may 
see the Chinaman's ways of working a tin-mine, with coolies 
transporting aU material, and with appliances that we are 
apt to despise as primitive and inefficient. The majority of 
visitors to the country, who are acquainted with mining 
methods, smile at those followed by the Chinese tin-miners, 
but the latter have two great advantages which have enabled 
them to remain the chief producers up to now — ^namely, a high 
degree of mobihty, and moderate capital outlay. 

With some exceptions the Chinese do not go to much expense 
in proving the value of the land they propose to work. They 
(and others also) often take up land on no better grounds 
than a hope that it may contain payable tin ore. One case 
is known where a Chinaman said he beHeved his land contained 
tin ore because another Chinaman had applied for a sub-lease, 
and he concluded the latter would not want a sub-lease unless 
he knew there was ore in the ground. But when a Chinaman 
decides to open up his land to reach tin ore that he knows to 
exist on the evidence of a few bores or pits, and finds that 
the amount is not sufficient to bring him a profit, he can 
easily move his coohes, his wooden pumps, his washing-boxes, 
and baskets for carrying the earth and gravel, to another 
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bit of land ; and the amount of capital he will have lost will 
be small compared to what it would have been had he installed 
a modem plant. It is not suggested that his methods are 
better than the white miner's for work on a large scale ; they 
certainly are not ; but he manages to produce a large quantity 
of tin ore from small mines, where his simple mode of life and 
abiUty to do manual labour himself in a hot tropical climate 
give him an advantage over white men. 

How valuable to the country the Chinese miners are can 
be learned from what one sees now rather commonly. Success 
in any mining enterprise, where a large capital is to be sunk 
in modem equipment, demands very careful valuation before- 
hand by means of prospecting ; and the Malay States cannot 
claim to show a better record in this respect than other mining 
coimtries. There are mining properties with the remains of 
expensive plants on them, now idle because the ore found 
did not come up to expectations ; but an output is still main- 
tained by Chinese taking advantage of the large excavations 
made and working rich patches on tribute. 

In certain cases unexpected developments have taken place 
in small areas and individual mining properties. In one area 
where Asiatics had been working on a small scale, a company 
was formed to work the land thoroughly. It was thought 
that the soil and subsoil formed the limits of the ore, and 
prospecting was confined to them. The amount found when 
work began did not come up to the values indicated by the 
prospecting, and the company would have been hard hit, 
had not an extensive network of tin-bearing veins been found 
under the subsoil in rock so softened by weathering that the 
ore could be concentrated at a profit by means of monitors. 
In another locahty, now well known for its hydraulic mines, 
the original intention was to work the soil and subsoil only 
by monitors ; but underneath were found thick tin-bearing 
deposits which could be worked by the same means. These 
were prospected by boring, and have placed the companies 
who work them among the most successful in the country. 

In yet another instance a large capital was expended on 
erecting a plant and opening up a mine on the strength of 
prospecting results that proved to be incorrect. The company 
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was faced with complete failure, but was saved by the discovery 
of a tin lode on the property so rich and so easily worked 
that the shareholders got 60 fer cent, of their capital back 
in dividends before the mine was handed over to tributors. 

In some parts of the Malay States prospecting tin-bearing 
ground is made hazardous to a greater degree than is usually 
the case by the presence of an irregular hmestone bottom. 
The limestone is carved into taU pinnacles and deep troughs. 
Bores in one mine happened to miss a mass of limestone rising 
nearly to the surface in such a position that when work started 
the plans for haulage were completely upset. The ore, too, 
generally lies irregularly above this limestone. Bores put down 
close together may pass through thin vertical or highly inchned 
layers of rich ground, but give the impression of a thick hori- 
zontal bed of great value existing under the surface. This 
tricky limestone bottom and the course of the ore above it 
have been the cause of more expensive failures in the Feder- 
ated M.ilay States than anjrthing else. 

V. METHODS OF MINING AND TREATMENT OF ORE 

Methods of Mining 

Practically aU the tin in Malaya is won from alluvial deposits, 
although a certain amount is obtained from lodes. 

There are four methods by which alluvial deposits may be 
worked : — 

1. Ground sluicing and hydraulic mining. 

2. Open-cast workings. 

3. Underground workings. 

4. Dredging (" Lampan "). 

1. Ground Sluicing is only practicable where there is a 
sufficiency of water and an outlet for debris. The groimd is 
broken by means of hoes, and a sluice dug which runs along 
the face of the ground to be worked ; the water carries away 
the hght sand and gravel, and the tin-stone, being heavier than 
the soil containing it, remains behind. This method gives a 
fair recovery where the grains are of one size, but any fine tin 
oxide is lost. 

Several types of sluices are used ; the most primitive and, 
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as the managers of the leading group of hydraulic mines 
maintain, the most efficient and economical, are those cut 
in the bedrock itself. Wooden sluices are also used, but these 
require more water and constant attention, especially when 
riffles, or stops, are employed. 

Hydraulicing is the modern method of ground sluicing ; 
water is directed at great pressure against the face of the 
rock to be worked through a jet known as the " monitor " ; 
the. rock is gradually undercut at the lowest possible level 
until a large mass falls down, on which the jet is played until 
it is disintegrated and carried away into the sluices. This is 
well shown in the photograph reproduced on the opposite page. 

Very low grade ground can be treated by natural power 
hydraulic mines, as the working costs are naturally much 
lower than in those mines where the power has to be generated 
by pumps. 

In the Tekka mine the water is brought down from the hills 
under a pressure of 65 lb. to the square inch, and distributed 
to the eight " monitors " working there ; about 11,200 gallons 
of water are used a minute. 

The monitors themselves are steel pipes 6 to 8 feet in length 
and 4 to 6 inches in diameter ; they have a swivel joint and 
a nozzle of about 2 inches in diameter. 

The earth is usually washed first by hand ; women are 
generally employed and they use a slightly- dished wooden 
tray which allows of very quick work. The large quantities 
of ground treated by hydraulicing makes it difficult to dispose 
of the tailings ; this difficulty has, however, been overcome 
by the use of hydraulic elevators and centrifugal gravel pumps. 
The former are used in the natural-power mines ; a sump is 
dug at the lowest level of the workings to receive the earth 
which is blown up to it by the monitors ; the earth is drawn 
up from the sump by suction through a pipe, and carried to 
the top by the force of the injection water, which is under a 
pressure of about 65 lb. to the square inch ; the pipe is set 
at about 10° to 15° to the vertical, and its length is usually 
30 to 50 feet, but is determined by the height to which it is 
required to raise the earth. 

In generated-power mines centrifugal gravel pumps are used ; 
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in the Pengkalen mines near Ipoh, the pumps are placed on 
steel barges, so that they can easily be moved by flooding the 
mine and floating the barges to new positions ; this is not 
often done, however, as it necessitates the changing of the 
piping ; the pumps are driven from a 350 -H.P. motor, and 
the pipes, as in jet elevators, are of riveted steel ; there are 
also two drainage pumps in the Pengkalen which keep the 
mine clear of aU superfluous water. 

The cost of working this mine is over four times that of 
the Tekka Mine, so that only high-grade ground pays to be 
treated by this method ; but the cost could in aU probability 
be reduced by the use of producer-gas oil-engines instead of 
steam power. It seems improbable that there will be a great 
extension of hydraulic mining, aS almost all the water available 
has already been harnessed. 

The ground that, owing to its rugged and uneven nature, 
is unfit for bucket -dredging may, however, be worked by 
gravel pumps and elevators to advantage. 

2. Open-cast Vorking. — The open-cast mining was 
introduced and developed by the Chinese, and it is by far 
the most common method used in the Malay States. The 
most suitable lands for open-cast mining are broad flats in 
which the beds of tin-bearing ground are regular, and the 
ore is confined to those particular beds. The earth overlying 
the stanniferous alluvium is first removed, and the " karang " 
or tin-bearing gravel imcovered ; the earth is thrown, if 
possible, into old v/orked-out areas, so that unworked land 
may not be covered. The gravel is then brought to the surface 
and the ore separated from the earth. 

In the smaller mines the power required is often suppMed 
by man power ; Chinese pumps, worked by coohes cMmbing 
endless ladders, are stiU in operation for drainage and for 
supplying fresh water to the riffles, but even with the cheap 
labour obtainable in the Federated Malay States this is an 
expensive method, and steam pumps are now widely used. 

The larger and better- equipped mines aU have a power 
plant of some kind. Small steam units, one for each miU, 
pump, etc., were considered the best ten years ago, but the 
cost of wood for fuel has increased considerably, and gas- 
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producers and gas-engines are now popular. Coal for these 
has aU to be imported, and costs from 27s. to 705. per ton ; 
even, however, when the gas-engines are employed, they are 
generally in small plants, and are supplemented by steam 
power ; this is because mine-owners do not wish to establish 
a large and expensive power station before they have proved 
the value of the mine, and small plants can be bought from 
time to time as the output justifies the increased expense ; 
they can afterwards be sold or transferred to other workings, 
whereas a larger plant could not. It is difficult, too, to find 
Chinese or Malay engineers sufficiently skilled to work large 
power plants. 

The boilers of these small power units are almost always 
of the portable type, 20 to 50 H.P., and carrying 50 to 80 
lb. working pressure ; for pumping, a combined portable 
boiler and engine, driving a centrifugal pump, is largely 
employed. 

Oil is very little used as a source of power, although there 
are enormous oil-fields close by in Java, Sumatra and Borneo. 

3. Underground Workings. — The method of working 
underground is to sink a number of shafts, some distance 
apart, which are all connected below, and gradually to block 
out the tin- bearing stratum, as the karang is brought to 
t!\e surface for treatment. This is a very wasteful method 
and is only adopted when the amount of overburden is so 
great that open-cast mining would not pay ; sometimes, indeed, 
mines which have previously been worked underground and 
from which the richest ground has been taken, have been also 
profitably worked open-cast. The incentives to shafting are 
the small amount of capital required, the smaller risk and 
the quicker return ; the working itself is not economical, as 
great expense is entailed by the timber required for props 
and the working of pumps to keep the mine free of water. 

4. Bucket Dredging for tin is a comparatively new system 
in the Federated Malay States, and only dates from 1912. It 
is VLscd in the first place for mines already worked out by the 
open-cast system, and secondly for mines of low value. 

The first dredge was started by the Malayan Tin Dredging 
Co., Ltd., which now owns four dredges, all of which are 



72 TIN RESOURCES OF THE BRITISH EMPIRE 

working in the Kanta VaUey. There are four other dredges 
operating in the same locality but owned by various companies. 
In the Taiping district there are now seven dredges working, 
and there is also one at Kelantan. Dredges work better in 
districts like Taiping, where there is Mght tin-bearing clay 
lying on the " kong," which is a hard clay, than on ground 
with a bedrock of limestone, as in the Kinta Valley. This 
does not necessarily mean that dredging cannot be successful 
in the Kinta VaUey, but that local conditions vary, and that 
a uniform design of dredge is impossible. 

One of the chief obstructions to dredging on ground with 
a limestone bedrock is the numerous projections which rise 
nearly to the surface. 

There are now two properties working this class of ground 
in the Kinta Valley, and they have been capable of removing 
85 per cent, and 80 per cent, of the bulk indicated by the bores. 
Various attempts have been made to recover the deep ground 
between the projections, but so far all have failed. 

The first dredge of the Malayan Tin Dredging Co., Ltd., 
was designed on the same Hues as those ih use in Siam, with 
such alterations as were necessary to suit local conditions ; 
it proved very successful after the original defects, due to 
inexperience, were remedied. An Austrahan design was 
adopted at several mines, which differed considerably from 
the original English one. It has worked excellently although 
it has not had to do such hard digging as the English dredges 
in the Kinta Valley. 

Owing to the flat, low, and often water-logged nature of 
the ground, the value of a dredging proposition is not deter- 
mined by pitting, but by hand-boring. The different methods 
of boring and of panning the samples are accurate enough, 
provided the work has been careful ; although in some instances 
the dredges working in the Federated Malay States have 
temporarily exceeded the values indicated by the bores, none 
of them, as far as is known, have returned the values regularly. 

" Scout " boring is first tmdertaken to ascertain if the pro- 
perty contains tin, and if the results are satisfactory further 
holes are bored ; about one to the acre is considered sufficiently 
accurate. 
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If the land is found to be worth working, preparations are 
made to commence dredging. A paddock of dimensions sufl&- 
cient to allow the easy movements of the dredge is opened, 
and a pontoon, on which is built the machinery, pumps, etc., 
of the dredge, is floated in it. The dredge works along one 
edge, or " face," of the paddock ; the dirt is raised by buckets, 
as in an ordinary dredge, and dumped into a revolving trommel, 
from the centre of which strong jets of water are playing ; 
these disintegrate the lumps, allowing the ^^ mailer particles 
to pass through the perforations in the trommel plates on to 
concentrating tables, or sluices, while the "tailings" pass 
over the end of the pontoon into the paddock ; there it packs 
and forms its own slope. 

The amount of water required for efficient concentration 
varies with the nature of the ground ; the ordinary clayey 
sand of the Kinta Valley needs at least 3,000 gallons to the 
cubic yard ; it is drawn from the paddock in a more or less 
muddy condition, which assists in concentration ; if it is too 
muddy, however, it wiU give rise to trouble in the pipes, 
pumps, etc., of the di'edge. 

Benching is almost always necessary at different depths, 
especially when the soil is clayey, although in a few cases in 
the Taiping Valley worked- out ground consisting of very loose 
sands is dredged by keeping the ladder on the " kong " bottom. 

The capacity of dredges varies from 70,000 to 100,000 cubic 
yards monthly ; buckets are usually large, of 10 or 12 cubic 
feet. 

There are two methods of ascertaining the percentage of 
tin extracted from the soil ; the first is to sample the tailing, 
and compare the value with the returns that have been 
obtained from tlie working ; the second is to sample every 
bucket as it comes up, and to compare it with the actual yield ; 
this is a slightly better method than the other, but neither 
is quite accurate. 

Although it has been assumed that nearly the whole of the 
Federated Malay States tin output is derived from alluvial 
deposits, a considerable proportion has been obtained from 
ore-bodies that are, strictly speaking, lodes, but which are so 
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softened by tropical weathering that they can be worked as 
easily as alluvial deposits. There are, however, certain mines 
in which all, or most of the difficulties of lode-mining as carried 
on in temperate cUmates are encountered, and which may 
fairly be cited as examples of lode-mining. 

The most important tin lodes are those mined by the Pahang 
Consohdated Co., Ltd., in the Kuantan district of Pahang. 
These strongly resemble tin lodes in the " killas " of Cornwall, 
and are now being worked on an extensive scale. Power is 
suppUed by Diesel engines, crude-oil fuel being taken up the 
Kuantan River in lighters. At Bundi also, in Kemaman and 
part of Trenggana lying to the north of Kuantan, an important 
lode has been mined for over fifty years, and others prospected. 
In the high granite range between Pahang and Selangor lode- 
mining has been carried on spasmodically for some years, but 
work is severely handicapped by the great cost of transport. 
At Simgei Gau, south of Bentong, a lode is being worked 
near the junction of the granite and older rocks into which it 
is intruded. 

In Negri Sembilan tin lodes have been worked at Titi, in 
the Jelebu district. One of these contains woKram as well 
as tin ore. 

In Selangor, apart from the big mountain range of granite, 
nothing of note has been done in the way of lode-mining in 
the sense indicated above ; but in Perak there has been con- 
siderable activity in this direction. The most interesting 
genetically are ore-bodies in crystalline limestone, which are 
generally in the form of pipes and accompanied by abundant 
sulphides. At Sungei Siput, Kuala Dipang, in the Kinta 
district, an extensive cleft in Umestone was found filled with 
detrital ore cemented by calcite to form a hard mass requiring 
the elaborate methods of lode-mining to extract the ore. Near 
Kampar a pipe and other hard ore-bodies have been mined 
in the granite of Bujang Malaka. In the Kledang granite 
range, on the west side of the Kinta district," numerous lodes 
in granite have been worked. 

In the neighbourhood of Taiping lodes have been prospected, 
but practically no output obtained. In Upper Perak, at 
Khan Intan, lode-mining on a small scale has been carried 
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out on tin-bearing veins contained in bedded rocks, but the 
greater part of the output from these veins has been obtained 
by quarrying. 

The above does not exliaust the number of deposits that 
might be said to demand lode-mining in the sense defined in 
order to extract the ore. Chinese miners frequently drive or 
sink on a small body of tin ore in granite or other hard rock ; 
but until the more easily worked deposits are nearer exhaustion 
it cannot be expected that much capital wiU be simk in con- 
cerns where a large expenditure is necessary if thorough 
prospecting is carried out, and while there are other more 
attractive investments available in agriculture. 

Lode-mining is not confined to European management. The 
Chinese have learned from white miners how to win ore enclosed 
in hard rock and below the surface. They tackle small pro- 
positions successfully themselves and supply the labour for 
deep mines under white management. When left to work a 
" lode " mine themselves, however, their work requires care- 
ful supervision. They generally show a complete disregard of 
their own personal safety, sometimes trusting to any kind or 
thickness of timber, sound or otherwise, to prevent masses of 
rock falling on them ; but on the other hand a case has been 
seen where Chinese had carefully timbered the space between 
two huge pinnacles of limestone, fearing lest they might fall 
in on them, although nothing short of a large charge of explo- 
sive could have destroyed their stability. 

Treatment of Ore 

For crushing hard ore won from small deposits the easily- 
portable Chinese foot-stamps are very useful. If sufficient 
water is available a water-wheel is used to drive them ; but 
coolies working a battery of these stamps with their feet can 
dispose of a substantial amount of stone in a shift. 

In the big tin-fields of Perak and Selangor the most important 
progress made has been in the reduction of working costs by 
careful management and by the utilization of labour-saving 
appliances. Without going into actual values of tin-bearing 
ground, it is safe to say that the tin-miners of thirty years 
ago would not have believed that such small quantities of 
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ore in clay and gravel could ever be worked at a profit as are 
worked to-day. The first improvements were the installation 
of steam pumps and puddlers, and the use of trucks with steam 
haulage plants for moving the excavated earth and pay-dirt. 
Later steam-driven stamp-batteries took the place of some 
of the Chinese foot-stamps used to crush hard ore. In 1904 
the local press described how the British Resident of one of 
the states attended the ceremonial opening of a five-stamp 
battery on a mine where tin-bearing veins occurred. This 
battery had been obtained from a gold mine in Pahang, while 
about the same time a pipe-Une installed in the same state 
for the hydraulic working of gold-bearing ground was moved 
to a tin-mine in Batang Padang. 

In the concentration of the ore on large mines the washing- 
boxes used by the Chinese on small mines gave place to long 
inclined troughs, in some of which riffles were used. One 
group of hydraulic mines, however, retained to a large extent 
the open ditches of the native " lampan," in which the ore 
is concentrated by the water flowing in the ditch and by 
panning. 

Except in rare cases the first rough concentrates of tin ore 
obtained in the mines are of low assay-value because of the 
presence of numerous heavy impurities. Skilful panners can 
remove the greater part of these by further washing, but the 
process is tedious ; and, as the impurities are mostly minerals 
that can be Hfted by an electro-magnet, the erection of two 
magnetic separating plants, one in Selangor and one in Perak, 
has not only helped to improve the quality of the ore before 
smelting, but has led to a large output of wolfram. Separation 
of magnetite by large horse-shoe magnets is commonly prac- 
tised on the mines, and small electro-magnetic plants have 
been operated also. 

The presence of arsenopyrite in some concentrates has caused 
a good deal of trouble. In Selangor, ore containing a high 
percentage of this mineral was roasted without any attempt 
being made to retain the arsenious oxide driven off, with the 
result that the surrounding country suffered. Arsenopyrite 
and other metallic sulphides are particularly abundant with 
the tin ore occurring in the crystalline limestone. 
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One of the smelting companies erected a plant in Selangor 
for dealing with arsenical tin ore. 

A French mining company, the first, or among the first, 
to subscribe European capital towards tin-mining in the Feder- 
ated Malay States, installed a water-generated electric power 
plant in Perak, and steam plants for a similar purpose have been 
installed in the same state. Belt conveyers were tried with one 
(if the latter in place of trucks, but abandoned. There have 
been several proposals for generating electric power by water 
on a large scale and distributing it to the mines in the Kinta 
Valley ; this may lead in time to further reduction in costs. 

In the open- cast mines the treatment is as follows : — 

The karang is usually raised to the ore mills by means of 
trams, as these are moved more easily to the spot where they 
are required than steam shovels or grabs, and the groimd is 
better broken up by coolies, working with hoes, than by 
mechanical means. At the mill the karang is dumped upon 
grizzlies, and broken up by hand until it passes through into 
the puddlers ; there the karang is agitated by harrows or 
" drags," and, a carefully- regulated supply of fresh water 
being constantly pumped into the puddlers, there is a constant 
overflow of sUme passing into the riffles. These are wooden 
trouglis, 4 to 6 feet wide, about a foot deep, and 50 to 80 feet 
long ; their incline is one in twenty-five to one in thirty. At 
intervals of about 4 feet cleats are nailed to the sides, and 
bars of hardwood are laid on these, one above the other, as 
the riffle becomes filled with ore ; when it is entirely filled the 
ore is collected. The small proportion of sand and other 
impurities is then removed by hand-washing. By this method 
about 90 per cent, of the ore in the karang is recovered. 

Small amounts of ore are occasionally foimd in quartz 
pebbles which remain in the puddlers, and these are removed, 
in some of the larger mines, by gravity stamps, but in most 
cases by a kind of mortar'worked by the foot-power of cooHes. 
Any wolfram there is in the ore is removed by ordinary horse- 
shoe magnets, and the clean ore is dried in a perforated cyUnder 
placed around a cone-shaped stove. 

The ore obtained from underground mines is similarly 
treated. 
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Smelting 

Over 80 per cent, of the tin ore exported is said to be smelted 
by the Straits Trading Company at Singapore and the Eastern 
Smelting Company at Penang ; the rest comes to England, 
as the provisions of the Customs tariff make it impossible to 
ship the ore to other countries for smelting. The producers 
sell the ore to the smelting companies outright, either by tender 
or by arrangement. The charges (cost of bags, loading up, 
freight, insurance, etc.) necessarily vary -with the locality of 
the mine. 

VI. LABOUR AND WAGES 

Altogether about 226,000 Asiatics are employed in the 
tin-mines of the Federated Malay States ; of these over 75 per 
cent, are Chinese, and the rest are principally Tamils ; some 
Malays, Javanese and PunjabTS are also employed. The 
amount of Tamil labour employed at the mines is increasing ; 
the men are recruited from the Madras Presidency, either by 
the miners' own representative, or by the Immigration Com- 
mittee, a body appointed by the High Commissioner of the 
Federated States. All employers of Tamil labour are assessed 
7s. Id. per quarter for each Tamil labourer employed, to pay 
for their free passage from India and to maintain a home for 
decrepit Tamil labourers. 

There are two systems of employing labourers in the mines : 
the contract system and the tribute system. 

Under the first of these the labourer is engaged at so much 
per cubic yard to do the main work of the mine. This is far 
more satisfactory^than paying the man a fixed daily wage, 
but there is some work which cannot be paid on the contract 
system, such as repairs, cutting watercourses, or dressing ore, 
and coolies are paid for these at time rates. The men are 
usually engaged for a term of six months, and are paid at the 
end of this period, their employer meanwhile advancing them 
food, cash and other necessaries. Advantage used to be taken 
of this system to charge the coolies exorbitant prices for food, 
etc., but under the present laws this is impossible. 

The wages earned by the coolies vary with the price of tin ; 
during the boom of 1906 the money earned by Chinese labourers 
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was as much as 2«. l|d. for an eight-hour day ; in 1912 
the wages per day ranged from Is. 5d. to Is. 8d. for Chinese, 
and from lid. to Is. Id. for Tamils ; the wages paid in the 
Chinese-owned mines are often from 10 per cent, to 15 per cent, 
less than those of the European- owned mines. 

Under the " tribute " system the owner of the mine sublets 
it, either to another party or to the labourers themselves, for 
a fixed percentage of the ore recovered ; the Chinese like work- 
ing under this system because there is always a possibility of 
making large profits, although in the long run it may not pay 
so well as a fixed wage. The dumps and tailings of mines are 
usually worked over by tributers, who pay about 10 per cent, 
or 15 per cent, of their profits for the privilege ; but with the 
introduction of more modern machinery, which can work 
very low-grade ground at a profit, the number of tribute 
labourers is decreasing. In some mines the men work on their 
own accoimt for two hours a day and sell the tin ore to the 
owner of the mine. 



Labour Employed in 
1916. 


Tin Mines. 




State. 


Labour Force. 


Dulang Passes. 


Total. 


Perak 

Selangor 

Negri Sembilan . 
Pahang 


94,865 

62,050 

6,901 

10,641 

164,457 


9,667 

4,946 

429 

817 


104,532 

56,996 

7,330 

11,458 


Total .... 


15,859 


180,316 




1916. 






Perak 

Selangor 

Negri Sembilan . 
Pahang 


82,534 

43,389 

4,399 

8,821 


8,488 

4,195 

473 

851 


91,022 

47,854 

4,872 

9,672 


Total .... 


139,143 


14,007 


153,160 
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Describing the characters of the various races employed in 
mining, Mr. Park says the Chinese coolies, as a class, are quite 
docile and industrious. They are often very intelligent and 
exhibit characteristics of strength and endurance. On the 
other hand, they often try to improve on the orders given 
them, and the result ends in failure. In some cases unhappy 
previous experiences have caused employees to be very sus- 
picious of their employers when they are first engaged, but 
after they have got properly settled in this soon disappears. 
The Chinese are very thrifty, even to the extent of economy 
in size of trestle-ways in the open-cut workings. The Mining 
Inspector may sometimes notice a dam which looks as if it 
was on the point of bursting, but the Chinese do not worry 
as long as it just holds the water back. 

They have the gambling instinct well marked, and they are 
by no means known for their generosity. They are by way 
of being very clannish, and form cliques which have often led 
to trouble in the case of strikes. 

The principal Chinese tribes engaged in mining are the 
Cantonese and Khehs, with the Kokkiens making a good third. 
Other races represented in some numbers are the Tie Chius 
from Swatou, and the Hailams from the island of Hainan. 
The latter are principally employed as domestic ser- 
vants. 

Turning now to the Malays, they are obedient, and when 
they are sufficiently removed from the larger towns, are re- 
spectful and dignified. The Malay, however, is commonly 
either a lazy or capricious worker, although one sometimes 
meets the exception. Mr. Park states that although there were 
only 2,340 Malays engaged in mining in 1912, one has to remem- 
ber that a large additional number are indirectly connected 
with the industry, being employed as monitor-men, engine- 
drivers, survey-assistants, etc. The Malay takes no thought 
for the morrow, and Government officials have always to 
remember this, as he is apt to treat other people's property' 
in the same easy way as he treats his own. 

The aboriginal Malay race takes practically no interest 
in the economic development of the country. The Indians 
include Bengalis and Punjabis, but the majority are Tamils 
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from Southern India. These work for a lower rate of pay than 
Chinese or Malays, and are more amenable to discipline. 

VII. THE KINTA VALLEY 

The east side of the Kinta VaUey is flanked by limestone 
liills ; the floor is also limestone, above which are clays and 
boulder-clays, and shales, schists and quartzites, all older 
than the granite hills which are on either side of the valley ; 
the recent deposits are thin beds of alluvium, soil, lignite and 
sands, all of which contain tin ore ; this proves that the theory 
of the ore being washed down from the granite hills is wrong, 
for, if this were the case, the heaviness of the ore would cause 
the bulk of it to be dropped near the margin of the granite 
and not carried down into the valley. 

The Kinta district includes, on the east a part of the main 
granite range of the peninsula, the watershed of which forms 
the district boundary ; on the west the boundary is the 
Kledang Range, a granite spur of the Main Range, and quart- 
zite hills forming a continuation of this range to the south. 
The area between these two ranges is known as the Kinta 
Valley, but evidence of recent elevation of the land points 
to this valley being really an old sea-strait, which had the 
granite of the Kledang Range as an island on the west. 
The amount of denudation between the granite ranges effected 
by the Kinta River and its tributaries has probably been 
small. 

The oldest rock in the valley is crystalline limestone. This 
forms high and precipitous hiUs on the east, at the foot of 
the Main Range, and near Ipoh on the west. Overljdng it, 
on lower ground, are beds of quartzite, schist, shale, clays and 
boulder-clays, all older than the granite. Deposits younger 
than the granite are lignite, clay, gravel and fine sand of recent 
age. There is a possibility that thick beds of clay, sand and 
gravel at Gopeng may be the remnants of aUuvial deposits 
laid down by a tertiary river when the peninsula and archi- 
pelago were connected. 

The recent deposits contain tin ore in varying quantities. 
Some of this is derived from the granite of the two flanking 
ranges and of the small outcrops in the valley itself, but the 
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greater part comes from tin ore in the limestone and other 
rocks older than the granite. ^ 

The granite of the Kledang and Main Ranges is stanni- 
ferous. The output from the main range is small compared 
to that from the low-lying land, which may be attributed 
partly to the difficulties of transport in such rugged country ; 
but the mountain known as Bujang Malaka, which forms an 
outline of the main range near Kampar, and is encircled by 
cart-roads, has produced large quantities of ore. 

The limestone contains both primary and secondary deposits. 
The former occur chiefly in the form of pipes of ore and are 
remarkable for the abundance of metallic sulphides and the 
rarity of tourmahne. The secondary deposits occur in clefts 
or irregular cavities and are frequently cemented by calcite 
in such a way as to form a hard rock. In one case, the 
weU-known " Jehoshaphat Mine," water enlarged a fault- 
fissure and washed into it alluvium rich in tin ore. In another 
case, percolating water converted a primary " pipe " deposit 
into a secondary deposit by dissolving the calcite cement, and, 
incidentally, permitting the natural oxidization of most of the 
metallic sulphides. Prospecting along faults in the limestone 
hills might lead to further discoveries, but any one who has 
clambered over these extremely rugged heights will realize 
that such work would be very difficult. 

The limited extent of the pipes and veins in the limestone 
floor makes it impracticable to raise a high tonnage per day ; 
another drawback is the abundance of metalUc sulphides 
associated with the black tin, the separation of which makes a 
preliminary roasting necessary. But though the small area of 
their outcrop on the surface of the limestone makes their 
discovery more or less a matter of chance, pipes have been 
known to yield large profits and are by no means a negligible 
quantity. 

The soil has proved a valuable source of tin ore in Kinta 
and other parts of the peninsula. Where the clays and boulder- 
clays outcrop the heavy rains remove much of the finer con- 
" stituents on the surface, making the soil more sandy and more 
easily worked. 

In the vicinity of existing streams, percolating water has 
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gradually removed the finer matter of the older rocks, modi- 
fjdng their clayey nature and making them more easily work- 
able. To a certain extent the same effect has been produced 
by ground-water away from the main streams, where the cover- 
ing of the older Gondwana rocks over the limestone is thin, 
and generally on hilly land by the formation of soil, as at 
Gopeng. It seems probable that in the southern part of the 
valley there is shallow ground worth prospecting, to which 
water could be conveyed ; a certain amount of prospecting 
has been done in this district with good results. 

VIII. THE DEPOSITS OF SOUTH PERAK 

The deposits of South Perak are taken as far as possible 
in order from north to south. The most northerly point is 
Ghangkat Pari, west-north-west of Ipoh, ^\•hile the most 
southerly is Jeher, about three miles north-east of Tanjong 
Malim on the boundary of Perak and Selangor. 

Ghangkat Pari 

Close to Ghangkat Pari, in the neighbourhood of some 
Umestone pinnacles which rise out of swampy ground, a certain 
amount of tin has been mined. In 1906 a shaft of over 
100 feet was sunk, and the ore-body was foimd to be composed 
of numerous small veins of compact ore, consisting of cassi- 
terite, pyrite, arsenopyxite, chalcopyrite and bornite. The 
jimction of the ore-body with' the limestone country was in 
part distinct, secondary calcite in the former being easily 
distinguished from the calcite of the wall. A cave was en- 
countered fiUed with sand and loose stone, some of the former 
of which carried 10 katis of tin ore to the cubic yard. When 
last seen by Scrivenor, ore was visible in the bottom, and was 
stated to carry 5 per cent, cassiterite. He was informed that 
the total amount of ore won from the pipe was 1,231'71 pikuls 
of ore from the stone, and 187-75 pikuls from the cave. The 
percentage of tin ore in the stone worked out at 2-8. 

Ipoh 

Not far from Ipoh, on the road to Kledang village, a pipe 
in the limestone has been worked to 192 feet or more by a 
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Chinaman. The stone is similar to that in the other 
pipes. 

Tambun 

Angular tin ore occurs in deep clays near the ATlllage of 
Tambun. There are, however, very few boulders. In the 
New Tambun Mine the bedrock was found in one place to be 
dolomite, and soft, weathered bedded-rocks were also exposed. 
Bores were sunk to 80 feet, and encountered a httle tin through- 
out. In a neighbouring Chinese-owned mine, both clays and 
soft phylhtes, etc., are exposed, and both have been invaded 
by large granitic veins. A large amount of tin ore has been 
won. The bedded argillaceous rocks sometimes contain 
good tin values. 

Ampang 

This tin-field is immediately south of Tambun. On the 
Ampang Tin Mining Oo.'s property the bedrock is partly 
dolomite and contains tin ore in situ in small quantities. 

Ulu Piah 

The mine worked by the Ulu Piah Company, Limited, is 
situated in a corner of the hiUs near Ampang, with limestone 
cHffs on one side and granite on the other. Over the limestone 
bedrock of the mine is stanniferous clay with boulders. 

Menglembu 

(a) Granite Deposits. — ^The ore-bodies in this district 
occur as lodes, and also partake rather of the nature of the pipes 
of tin ore that have been worked in Cornwall, having Httle 
extension laterally, but comparatively great depth. The 
former are best displayed at Bukit Kambing, and the latter 
on the land worked by the Menglembu Lode Syndicate. The 
first lode worked on Bukit Kambing carried ore as irregular 
patches and as veins. Tourmahne was common, and fluorite 
occurred. Work on this lode ceased some time ago, but in 
1915 another lode was worked in the vicinity. It resembled 
that worked formerly, and evidently connected with a fault. 
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On the top of the hill the Chendai Consolidated Ltd. are 
working a number of veins, and tin ore is fairly abundant. 
As regards the ore-bodies worked by the Menglembu Lode 
Syndicate, there are two noticeable points. Li the first place 
the ore consists, to a very large extent, of minute veins nmning 
parallel and close together ; and, secondly, that except when 
the percentage of tin ore is high, there is no change in the 
felspar of the granite noticeable to the naked eye, and very 
little under the microscope. The general direction of the 
veins is 20° east of north, cutting the joints at an angle of 
45°. Other small veins have been opened up by Chinese in 
this part of the Kledang Range, and at Papan there is a system 
of tourmaline veins, in which a little tin ore has been found. 

(6) Limestone. — In 1914-15 three pipes were being worked 
close to the village. The first is 85 feet deep, and the ore- 
body consists of small irregular veins stretching in a north- 
east to south-west direction. The ore is composed of 
cassiterite, pyrite and arsenopyrite. The second reaches 
260 feet, and is similar to the above. There is, however, much 
evidence of faulting visible in the wall of the shaft. The out- 
put of this mine is said to be about 500 pikuls a month. The 
third pipe worked by the North Kinta Lode Company has 
reached about 140 feet. The ore resembles that in the other 
pipes. 

Further details concerning these " lode-mines " are fotmd 
in Mr. Jones's article in the October number of the Mining 
Magazine for 1915. 

Pengkalan Limited 

On a portion of the land worked by the Pengkalan Company 
Limited near Menglembu, several bodies of ore have been 
foimd in the limestone. Several are only pockets in the walls 
and minute fissures. A larger body of ore, however, was 
foimd in 1908, affording good specimens of cassiterite inter- 
grown with tremohte. In 1914 two deposits were being 
worked on tie Pengkalan Company's land, and two shafts, 
60 feet and 20 feet respectively, had been sunk. The tin ore 
was accompanied by pyrite and arsenopyrite. 
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Lahat 

At Lahat is the big open- cast mine worked by the Lahat 
Tin Mining Company. On the west the mine is bomided by 
a hill of stanniferous granitic rocks. Lying up against these 
and dipping steeply eastward, are stiff blue clays, with angular 
tin ore, showing rough lamination, and shckensides, that may 
be regarded certainly as Gondwana clays. Quartz boulders 
also occur. Above the clays are a few thin seams of lignite 
and thick beds of stanniferous sands and clays. The tin ore 
in the Gondwana clays resembles that at Fusing Bahru and 
Siputeh, to be described further on. The Lahat Mine differs, 
perhaps, from others in which the Mgnites and sands are well 
developed, in that the sands are relatively a more important 
source of tin ore compared with the Gondwana clays. At 
the end of 1914 the granitic rocks exposed were rich in kaolin, 
which was of good quahty and pure white. 

The Lahat pipe formerly worked by ihe Societe des Etains 
de Kinta, has been described in the Quart. Journ. Geol. Soc, 
vol. lxv.,pp. 382-9, 1909 ; andin the December number of the 
Mining Magazine for 1915 in the article on " Minerahzation 
in Malaya," by Mr. Jones. Caves dissolved out of the lime- 
stone by ground-water were associated with this ore body, 
some of which contained detrital ore. 

Ayer Dangsan 

The mine at Ayer Dangsan is situated near Lahat and is 
also worked by the Societe des Etains de Kinta. The deposit 
is limestone, and in July of 1913 there was a shaft 200 feet 
deep and the vein had been exposed for 60 feet horizontally. 
The ore consists of calcite, cassiterite, pyrite, arsenopyrite, 
chalcopyrite, bornite and fluorite. 

Pulai 

This tin-field Ues in an irregular piece of flat land, encircled 
partly by granite and partly by Mmestone hills. Tin ore is 
foimd in the granite and in the crevices and caves of Koban 
and Lanno, but the bulk of the ore has been won from the 
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flat land. The chief featiire of the Pulai beds is the abundance 
of boulders of corundum and granitic rocks. In the Kramat 
Pulai Mine sections show the junction of the granite and the 
clay very clearly, and at the end of 1913 corundum was seen 
in situ. In one part of the mine there were beds of lignitic 
shale and clay that was evidently recent. In 1916 a pinnacle 
of limestone was uncovered, in which were thin veins of 
asbestos in the form of " mountain-leather." The composi- 
tion was that of serpentine. Associated with it was purple 
quartz. 

Gunong Lano 

This is another limestone deposit on the east side of the valley. 
A sample from this locahty was described in volume vi., 
1908, ,of The Bulletin of the Imperial Institute, pp. 155-7. 
Of samples from the cap of the lode, consisting of ferruginous 
arsenical copper ores with tin-stone, one was f oimd to contain — 

Tin ....... 7-37 per cent. 

Copper 10-80 „ „ 

Zino 1-63 „ 

Arsenic ...... 12-47 ,, ,, 

Fusing Bahru 

In 1913 the Fusing Bahru Mine afforded the best sections 
of clay with tourmaline-corundum-rock boulders. Now the 
old excavation has been filled in with slimes, and nothing can be 
seen of them or the limestone. The floor of the mine was 
limestone. Several well-marked " cups " were xmcovered, 
lined with Gondwana boulder-clays, and flUed with sand 
lignite, and elsewhere the limestone surface was very irregular 
and broken up by pinnacles. The clays covering the limestone 
were generally grey or brown. Above them were the sandy 
beds and lignite, the former containing tin ore, sometimes as 
much as three katis to the cubic yard. 

Redhills and Fusing Lama 

These two mines are worked on the slopes of a hiU composed 
of clays and soft, laminated and very-much-disturbed beds. 
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that are, for the most part, stained a deep red, which has 
given rise to the name " RedhiUs." The RedhiUs property 
is a boulder-clay, in which the tourmaline-corundum-rock 
boulders were thickly packed together. With these boulders 
were numerous other boulders of argillaceous schistose rocks 
with corundum. On Fusing Lama, a hght-coloured clay with 
boulders of tourmaMne schist and quartz were once exposed 
at the bottom of a tributer's lombong. In both mines, veins 
of secondary ore have been found, the most notable being the 
Fusing Lama lode, a rich vein of tin ore at the contact of the 
clays, with a soft granitic intrusion. 

Behind RedhiUs there is a big open-cut which the Chinese 
miners have cut into the shaley beds, and judging from the 
character of the work the tin ore obtained in this open-cut 
may have been an original detrital constituent of the shales, 
or of some thin quartzite associated with them. 

Rotan Dahan 

This mine is a large excavation on rising ground close to the 
road between Batu Gajah and Fusing. Most of it is now 
filled with water taiUngs, but there was once visible a great 
thickness of unstratified clay with boulders. The clay carried 
angular tin ore from top to bottom, and native copper has been 
found with it. No granitic intrtision has been seen as yet in 
the limestone or clay at Rotan Dahan. Recent sands were 
exposed above the clay in 1915. 

Gopeng 

Gopeng, together with Tekka and Jeluntoh,can be regarded 
a s a small tin- field by itself. It is divided into four parts : — 

1. The stanniferous granite of the main range to the east. 

2. High rolling ground, trending westward in the centre. 

3. Low-lying land to the north (Tekka). 

4. Low-lying land to the south (Jeluntoh). 

1 . In the granite area a large island of phylUtes and quartz- 
ites has been discovered and found to be impregnated with 
tin. The granite is in places traversed by numerous small 
vei ns carrying tin ore that are worked by means of monitors. 



ASIA 89 

2. The rolling ground in the centre of the field is higher 
nearer the granite than further west ; and here we have exposed, 
in the Ulu Gropeng Mine, phyllites and quartzites impregnated 
with tin ore from the granite. 

Going westward, and at the same time descending, the 
phyllites and qu£(!rtzite8 give place to the clays and boulder- 
clays, on which are the big hydraulic mines belonging to 
Kinta Tin Mines, Ltd., and the Gopeng Consohdated Mines. 

3. To the north the Tekka River has cut down into the clays 
and boulder-clays so that the low grovmd is composed of a 
comparatively thin cap of the clays above the limestone bed- 
rock. As one approaches Sungai Eaia more hilly ground 
is encountered, formed of the clays and boulder-clays, worked 
by the Tekka Company, and formerly by the Svmgai Raia 
Tin Mining Company. 

4. To the south a thin covering of clays is foimd over the 
Umestone as on the north, but while on the north the clays 
abut on the granite, on the south there is a low range of tour- 
malinized sedimentary rocks between the outcrops of the 
clays and of the granite. 

The various sections are described by Scrivenor on pages 
113-5 of The Geology of South Perak. . . . 

Siak 

This is a limestone deposit. It is situated north-east of 
Siputeh. The Societe des Etains de Kinta were prospecting 
in 1905, and a stockwork of fissure-veins was revealed in the 
Umestone. One vein, with cassiterite and arsenopyrite, 
trended north-east to south-west. The body of the hme- 
stone was dipping at 20° to the south-west. The veins them- 
selves were too small to be of value, but here and there were 
comparatively large bodies of ore in the walls of the veins, 
that consisted of cassiterite, fluorite, arsenopyrite, quartz 
and calcite. 

Siputeh 

The Siputeh Mine, now worked on tribute, showed in its 
earUer days some excellent examples of " cups " in limestone. 
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with a lining of stanniferous clay and of filling of lignite and 
sand. The boulders in the clay are mostly of tourmaline 
sandstone with quartz veins and yellow crystals of cassiterite. 
In one face a hard flat boulder of granite was found, and two 
or three boulders of softer granitic rock with crystals of cassi- 
terite. The occurrences of ore in the hmestone bedrock are 
described later. In 1916 the only important work going 
on was in the tributer's big mine near the railway. Here 
an excavation has been carried down to about 120 feet, 
with hmestone on one side and weathered and contorted 
quartzite and shale on the other. When the mine was first 
opened the limestone " cups " caused great trouble, as the first 
excavation ended abruptly against a sohd vertical wall of 
crystaUine Hmestone which made progress impossible. 

With reference to the hmestone deposits, the only tin- 
bearing mineral body that Scrivenor describes up to 1916 
was one in the hmestone on the Siputeh, Ltd., land. It was 
a quartz vein which had been followed for a short distance in 
1913 — ^about 1 foot wide with a north-east to south-west trend. 
The cassiterite was hght in colour, and was accompanied by 
fluorite and arsenopyrite. In 1916a new vein was opened that 
proved to be rich in arsenopyrite near the surface, but became 
worth working for tin ore lower down. 

Tronoh 

The village of Tronoh is the centre of the mining fiild con- 
taining the mine of the Tronoh Mines Company, Ltd., Towkay 
Chung Thye Phin's Mine, and the Tronoh South Mine. The 
dominant factor in the structure of this field is a reversed 
fault which has clearly exposed in all three mines. It trends 
about i:orth-north-west to south- south-east, and hodes at 
about 45° to the east. On the west are the quartzite and 
shales and granitic intrusions, in the vicinity of which a hard 
hornstone is formed. There are also numerous small fissures 
bounded by tourmahne shales. On the east of the fault is 
limestone, which forms a trough close to the fault and rises 
nearer the surface on the east. A large open-cast mine, known 
as the " Tronoh deep-lead," was formerly worked by a system 
of shafts and galleries. It is a huge trough in the hmestone 
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filled in with Gondwana clays with sand and lignite at the 
surface. Wolfram was found in 1915 in a quartz vein, but 
there is only a little tin in the shales and quartzite. On the 
east side of the fault a mass of recent sand and partially-car- 
bonized vegetation overhes the limestone, and possibly the 
tin-bearing clay as weU. 

Sungai Siput 

This village lies on the Depang River south of Gungong 
Tempurong. The locahty is famous for an old fault-fissure 
occurring in Jehoshaphat Valley, which has been subsequently 
filled with varioas minerals cemented together with ferruginous 
calcite. Scrivenor gives an explanation of this which is very 
interesting. He says that when the hmestone came to be 
exposed on the surface it was attacked by sxuiace- water, which 
found in the fault fissure a convenient passage downwards, 
with the result that the fissure was to some extent widened 
by solution. Subsequently a stream of water carrying detritus, 
with tin ore as a constituent, found its way into the fissure 
and the detritus was caught in it, churned up by the rush of 
water until the grains of sand became rounded, and probably 
concentrated also by the washing away of some of the Ughter 
particles, thus raising the percentage of tin ore. Then the nish 
of water ceased, the detritus settled down in the fault-fissure 
and the rounded grains were all cemented together by secondary 
calcite from the walls of the fissure, \\ith the result that there 
came into being a vein or " lode " of tin ore in a fault-fissure ; 
that, although of purely detrital origin, has had to be mined 
as though it were a " true fissure-vein " in which the ore had 
been deposited chemically, with the exception of certain 
portions near the surface where the secondary calcite has been 
redissolved. 

The Vein occurs in the spur of the Hmestone hiU, and is 
exposed on either side. Jehoshaphat VaUey is on the top 
of this spur, where the vein outcropped. The length of the 
vein in the spur above the level of the Depang Valley is 1,452 
feet. Below the level of the valley it is kno^vTi to extend for 
a greater distance. It has been worked from the top of the 
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spur to the vaUey-level, a distance of 100 feet, and to a depth 
of 140 feet below the valley-level. The average width is 4 
feet. Good examples of slickensides can be seen on the waUs 
of the fissure. 

Near Jehoshaphat Mine there is a cave into which a stream 
flows from the granite. It has been formed largely by the 
stream cutting its way through the Gungong Tempurong 
mass, and emerging on the west to join the Kampar River ; 
but percolation of water from above has also had much to do 
with its formation. It has long been known to contain tin 
ore. The stream has brought into the cave numerous boulders 
and pebbles of granite, schist, tin ore, etc., which are in places 
found as ordinary alluvial deposits in the cave, and at others 
as alluvium cemented by secondary calcite. 



Ulu Petal 

In the head-waters of the Simgai Petal above Senudang, 
near Kampar, there is a ravine in the mass of Bujang Malaka, 
where there are occurrences of tin ore, Httle known, owing 
largely to the steepness of the ascent to the mines, but present- 
ing featiu-es that warrant close study. On the left ravine is a 
" pipe " of ore in granite rock, and on the right small works 
in ore, most of which carry topaz as well as cassiterite. The 
" pipe " is 8 feet by 13 feet in a country rock of aplite 
with muscovite and some mica of a darker colour. The felspars 
are kaolinized orthoclase and comparatively fresh plagioclase. 
Tourmaline occurs, also fluorite and a little topaz. After 
being followed for 226 feet a "wall of rock" was met with, 
along which the ore ran for about 10 feet, and then dipped 
perpendicularly. Early in 1910 a " pipe " was generally 
regarded as having reached the end of its career as a mine, 
but in 1915 renewed work found that this " wall of rock " was 
only a sudden dip in the " pipe " for about 20 feet, after 
which the ore continued at a gentle angle. When Scrivenor 
last saw the deposit towards the end of 1915 it had been 
followed for over 70 feet from the place where the old work 
stopped and the ore was still visible. 
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Tanjong Tohalang 

The coiintry around Tanjong Tohalang consists of 
rolling hills formed of quartzite shales and tourmaline 
schists. Near the village granitic intrusions, rich in kaolin, 
have invaded the sedimentary rocks, and it is here that the 
most prosperous mines are found. It is probable that they are 
connected Avith the Kledang granite-mass. An interesting 
point about this tin-field is the occurrence of boulders of the 
toiu-maline-corundum -rocks . 

Tapah 

Bcwides producing tin, this small mine-field has also yielded 
gold and wolfram. The mineralization of this area results 
from the existence of an isolated outcrop of granite that extends 
from Jong Landor Estate in the north, nearly to Bidor in the 
south. In the north there are outcrops of hard non-porphyritic 
granite ; towards the south the outcrops are of soft granitic 
rocks, rich in kaohn. The jimcture between the granite and the 
sedimentary rocks on the east almost coincides with the road. 
On the west it is hidden by vegetation and alluvium. Tin- 
mining operations are now going on at the southern end of the 
granitic exposures near Bidor. 

Bruseh 

Bruseh- is now a well-known locality on account of the 
operations of the Bruseh Hydraulic Tin Mines Co. 
Their property is an excellent example of a big ntockwork 
of tin-bearing veins in altered sedimentary rocks, and shows 
how helpful to the miner tropical weathering has been. 

The tin-bearing veins, which are fissure-veins, are numerous 
and generally rich in tourmaline. This mineral extends for 
some inches from the fissure, the latter being in some rare 
cases almost completely filled with cassiterite over a portion 
of its length. An exceptional specimen showed a vein of 
cassiterite two inches thick and smaller veins of the same 
mineral branching off into the schists. The veins vary in 
thickness considerably, but an inch may be taJken as a fair 
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average. Generally speaking, they are parallel to each other, 
but it is not uncommon for one vein to split up into two or 
more smaller veins, and one section, which is, I believe, still 
standing, shows veins intersecting at an acute angle. Another 
system of veins, rich in quartz, but also carrying cassiterite, 
cuts the tourmahne-cassiterite veins. 

The work at Bruseh is now much reduced to what it was 
prior to 1910, but an extension of the stockwork has been found 
to the north. 

Jeher 

In former years shallow shafts have been sunk by Chinamen 
over the back of a low hiU near Tanjong Malim. They were 
sunk along a band of soft sandstone and shallow country, 
traversed by numerous veins of quartz-carrying coarse cassi- 
terite. Monitors were employed, and with the aid of blasting 
it was found possible to work down on the veins in an open- 
cut to about 40 feet below the surface of the bedrock. A large 
amount of tin-bearing soil was also worked on this hill. The 
mine has, however, depreciated in value, and was at its best 
in 1907. 

Ulu Bakau 

Gunong Bakau is a peak 4,426 feet high on the borders of 
Selangor and Pahang. It is composed of porphyritic granite, 
into which vein^ of molten rock were injected at two 
different periods during the consohdation of the rock magma 
that now forms the Main Range. The rock first injected is 
worked for tin. The cassiterite was not formed in fissures, 
but solidified as an accessory rock constituent from the vein 
magma. The result of this is that the tin ore does not occur 
in " shoots " or " pipes " that can be followed, but is dissem- 
inated through the rock. The second rock is a topaz aplite 
that contains very Httle tin ore. The earher-formed veins 
are cut by the topaz aphte, which has had a bad effect in some 
cases on mining operations. 

A certain amount of work had been done here by the Chinese, 
but after due inspection Messrs. Bibby & Ruxton installed a 
battery driven by Pelton-wheel some way down the Chinclong 
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Valley, and an aerial ropeway for the transport of the ore from 
the workings. The plant has since been improved by the 
addition of a stone-crusher. 

Full details of the rocks of Ulu Bakau will be found on 
pp. 32-5, and pp. 146-51 of The Geology of South Perak, and 
also in the October number of Mr. Jones's article on "Mineral- 
ization in Malaya " in the Mining Magazine of 1915. 

IX. THE DEPOSITS OF NORTH SELANGOR 

Tanjong Malim Valley 

A certain amount of tin ore is found here, but most of it 
is dropped in the Kalumpang Valley before it reaches Tanjong 
Malim. 

Kalumpang Valley 

The mining village of Kalumpang is situated two miles 
east of the railway. The ground washed for tin ore is an 
alluvial deposit containing numerous well-rounded pebbles of 
quartz, quartz -tourmaline rock, granite, tourmahne granite, 
mica-schist, and a few pebbles of tourmaline-schist. The tin 
ore of the valley has been deposited by the Sungai Ingki, 
and numerous small streams which drain into the valley from 
beyond the granite junction towards the north-catt of the 
valley. Sungai Ingki and its tributaries have been worked 
for ore up to their sources. The decomposed granite and 
schists have been worked here, in three or four places, until 
the harder rock has been reached, but only small attempts 
have been made to crush the rock. The ore occurs in stringers 
in the schists and is disseminated in places through the por- 
phyritic granite, whence it has been carried and concentrated 
in the valley below by the above-mentioned small streams. 

Kerling Valley 

Formerly the mining in this vaUey was confined to the 
banks of the Kerling River, but now mica -schists, decomposed 
by weathering on the surface to a clay, but preserving their 
structure a few feet below, are being washed for ore higher 
up the river. These schists are heavily veined with quartz 
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veins carrying cassiterite and tourmaline. In 1916 Jones 
stated that so far only the hiUs near the streams had been 
worked, but others, especially those towards the granite 
junction, should attract attention. 

The Valleys of Kuala Kubu, Rasa, and Kuala Kali 

The tin ore in these areas is brought down by the Selangor 
River. The granite junction is about two miles higher up 
the river from Kuala Kubu, and from that point to the inlier 
of schists, about two miles below Peretak, there are cassiterite- 
bearing alluvial deposits. The inlier itself carries but little 
ore ; small veins, however, are still being worked for tin. The 
decomposed granite near Peretak in many places contains 
tin ore, and could be profitably worked by lampan, were there 
no mining restrictions. The Sungai Luit, from its confluence 
with the Selangor River to its source at Gunong Raja, contains 
tin ore in its bed the whole way, and has been worked for 
years by the Chinese. Tin-mining has been carried on up to 
the source of the Selangor River itself, and numerous small 
mines are still at work in that neighbourhood at heights of 
about 3,000 feet. Tin ore is known to occur in the bed of 
the Selangor River to a point beyond Kuala KerUng, but it 
has not been worked up to the present beyond about half-way 
between Kuala Kah and Kuala Kerhng. 

Ulu Yam Valley 

This valley stretches from the station of Ulu Yam to a 
little way beyond Ulu Yam Baharu, where a tin-mine is being 
worked as a lombong. The overburden, mostly fine sand and 
with a little clay, is 30 feet thick, and the tin-bearing alluvial, 
consisting of sand and rounded pebbles, is between 4 and 5 
feet thick. There is a similar lombong about a quarter- mile 
from the village. The ore in both mines is much water-worn. 
The surface deposits of the vaUey have also been worked, but 
not of late years. Jones considers there is much scope here 
for bucket-dredging. The bed of the river is being worked 
by Chinese miners, and in one place some ore is definitely 
in situ. At places the hills on the banks of the Sungai Liam 
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are of mica-soblst and contain etringers of cassiterite-bearing 
quartz, 

Serendah Valley 

The valley was mined in places for alluvial tin some years 
ago, and is stiU being worked in parts, but there is a consider- 
able amoimt of unworked ground at depths greater than 30 feet. 
At the foot of ,the schist hills at Serendah is the largest tin- 
mine of the district, known as the Loke Yew's Mine. The 
bedrock, which is of schist, has been reached at several places, 
and has been found to contain a few stringers of cassiterite. 

At the Serendah Hydraulic Co.'s Mine, decomposed cassi- 
terite-bearing granite and mica-schist have been removed by 
monitors. Both granite and schists show pegmatite veins, 
which carry cassiterite. In places tin ore has been found 
in situ. 

Sungai Ghoh 

There are two large mines here worked as lombongs. Their 
interest lies in the small beautifully-rounded pebbles of granite, 
toiirmaline-granite, quartz, mica-schist, etc., which occur in a 
deposit containing round water-worn grains of cassiterite. 
If the partially decayed tree-trunks could be removed the 
groimd would be very suitable for bucket-dredging. The 
valley is connected on the south with the Rawang Valley. 
Five streams enter this valley, three of which flow over mineral- 
ized areas and carry tin ore. 

Rawang Valley 

The ore occurs in tjrpical alluvial deposits and is itself 
very well rounded. The overburden does not contain so 
much fine clay as in Serendah, but the tin-ore-bearing groimd 
is coarser than the overbturden, and contains numerous rounded 
pebbles of granite, tourmaline-granite, etc. The whole valley 
is drained by the Sungai Rawang, and with its numerous 
tributaries carries tin ore. Further west, between Rawang 
and the Rantau Panjang Forest Reserve (Ulu Garing), there 
is hilly land on which is a granite-wash containing tin ore. 
At Pengkalan Kundang a section showed about 3 to 4 feet 

H 
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of tin-bearing gravel, and then 20 feet of soil, which Scrivenor 
was informed contained ore. The source of the tin is thought 
to be granitic intrusions. 

The Ulu Garing Mines have already accounted for a large 
output of tin ore, and the position of the known granite intru- 
sions between the projecting portion of the main range granite 
at Rawang and the Kuala Selangor granite, suggest the possi- 
bility of there being more tin ore to be obtained in the neigh- 
bourhood. 

Ranching Valley 

This valley is not a part of the Ulu Selangor Valley, and is 
only connected to it by the Sungai Rawang, which winds its 
way through the granite. The alluvial deposit carries tin 
ore throughout, but the richest deposits are depths below 
20 feet to 30 feet. In a mine near the middle of the village a 
wonderful rich deposit of tin ore was found at a depth of 
over 50 feet, an uncommon feature of the deposit being that 
the ore was in concretions cemented together by a dark brown 
ferruginous cement. Several well-shaped crystals of cassi- 
terite were separated from the deposit. The sharp and remark- 
ably well-preserved angles of the crystals show that this 
localized deposit has not been transported by water. The 
bedrock of the valley is a metamorphosed Hmestone, and 
rising high above the general level from the two isolated 
chffs, one of which forms a weU-known landmark, the bedrock 
consists of enumerable pinnacles, separated by large " cups " 
filled with rich cassiterite-bearing alluvimn down to a depth 
approaching, in a few places, 280 feet. 

X. THE DEPOSITS OF NEGRI SEMBILAN AND PAHANG 

Negri Sembilan 

Negri Sembilan is not important as a tin producer, but in 
the neighbourhood of Seremban the decomposed pegmatites 
have been worked by monitors. In Jelebu three lodes are 
worked at Titi. Hydraulic methods recently employed have 
now been abandoned. The mine contains a mixed cassiterite 
and wolframite concentrate, and the minerals are separated 
by electro-magnets. In 1914 the mine produced 494 tons of 
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tin ore and 95 tons of wolfram ore. The Triang and its 
tributary, the Kenaboi, yield cassiterite, while there are also 
workable deposits in the Kuala Pilah district. 

Pahang 

The geology and mining industries of Ulu Pahang have 
been fully described in a pubhcation of that name by J. B. 
Scrivenor, issued in Kuala Lumpiu- in 1911. The district is 
about forty miles inland from the coast, and lies at the head- 
waters (Ulu) of the Kuantan River and its tributary, the 
Kenan. The country is hilly, well watered and covered with 
a dense jungle, which, added to the thickness of the overburden 
and recent torrential detrital deposits, render prospecting for 
new lodes very difficult and tedious. The general geological 
features consist of a dark grey to black slate country rock, 
with large outcrops of intrusive granite. 

There are about fifty lodes in the district which have been 
worked on and off, and at least eight have yielded large quanti- 
ties of black tin. The general strike of the lodes is west to 
east, with a dip to the south, and the main faults run from 
north-west to south-east. The lodes occur in the slate, but 
continue into the granite as is shown in the Nicholson shaft 
at the eastern end of Willink's Mine. Mr. M. A. Francis 
describes the chief lode of the district (Willink's) as repre- 
senting an impregnation deposit along a central hne of weak- 
ness. This lode has been followed for several hundred feet 
to the granite, where it is not more than a few inches in width 
and filled with white quartz and occasionally bimches of 
coarse cassiterite. 

Several good accounts of the lodes of Pahang will be found 
in numerous works in the bibliography. Among these may 
be mentioned the article on the tin lodes of the Ulu Kuantan 
district, by Mr. M. A. Francis, reprinted in the Malayan Tin 
and Rvbber Journal for 1914, and also the pamphlet of the 
Malay States Information Agency issued in 1920. 

The Machi Tin-field lies south of Bentong. Mr. Da vies 
states that the deposit is alluvial and generally not more 
than 12 feet thick. The cassiterite is angular and varies so 
much in grain that a large proportion is lost by the crude 
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Chinese method of dressing it. SmaU lodes exist in the 
locality, Qine of which was found to contain quartz, yeUow 
garnet, cassiterite, zinc-blende, arsenopyrite and pyroxene. 
The aUuvial flats of Bentong have been worked for tin, but 
at present the work is confined to the higher valleys of the 
main range on the boundary of Pahang and Selangor. 

The statistics of the Pahang Consolidated Company, Limited, 
given on page 118, have been taken from this handbook, as 
have also the remarks on mining in Trengganu, contributed 
by Mr. H. Brelich, given on page 103. 

XI. THE DEPOSITS OF THE STRAITS SETTLEMENTS 

The Straits Settlements contribute practically nothing to 
the tin production of Malaya, Malacca alone yielding an 
annual average of about twenty long tons. The sand at the 
Bindings contains a httle tin ore, but is of little importance. 
The Straits Settlements, however, possess by far the largest 
tin smelting and refining industry in the world, which is divided 
up between Penang and Singapore. 

Mr. Davies of the Imperial Institute, in his Tin Ores, shows 
in a most comprehensive manner the magnitude of the industry 
by the following table : — 
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iBfFORTs OF Tin Ore and Tin to the Straits Settlements in 1914. 
In tons (2,240 lb.). 







Quantity. 




flmmi'.T'ina ff*nm nrlii/>1^ Trrvn/' 


x^^A 






Value. 


%>uuiiuf loa iruiii wiiicii xiupvAfwca 


To Singa- 
pore. 


To Penang. 




Malay Peninsdxa : 








£ 


Johore .... 


ore 


720 


— 


72.760 


Kedah .... 


>» 


— 


819 


76,161 


KelantHii 


»» 


21 


— 


2,029 


Trengganu . 


t* 


379 


— 


39,867 


Negri Sembilan 


»» 


1,482 


1,049 


262,818 


Negri Sembilan 


tin 


1 


— 


192 


Pahang . 


ore 


2,920 


— 


349,925 


Pahang . 


tin 


294 


— 


43,798 


Perak 


ore 


14,716 


21,087 


3,859,836 


Perak 


tin 


72 


1,790 


277,695 


Selangor .... 


ore 


12,223 


8,152 


2,122,722 


Selangor .... 


tin 


1,510 


1,156 


403,137 


India (Burma) . 


ore 


~~~ 


113 


11,470 


Hong-Kong . 


»» 


2 


— 


168 


Hong-Kong . 


tin 


2 


— 


252 


Australia. . 


ore 


2,574 


107 


302,225 


South Africa 


tt 


2,700 


— 


296,742 


Dutch Kast Indies 


»> 


4,214 


— 


465.763 


Siam .... 


»» 


518 


7,324 


801,009 


Siam .... 


tin 


202 


356 


75,993 


United States . 


ore 
ore 


26 





3,150 


Total .... 


42,495 


38,661 


8.666,645 


Total . . 


tin 


2,081 


3,302 


801,067 



Other tables taken from the same source are given 
on pages 111-119. Table V. gives the distribution of 
Straits tin and shows the effect of war conditions in the 
increase in shipments direct to the United States, Russia 
and other countries, instead of via England. 

The deposits of Malacca above referred to, as the output 
shows, are at present of little importance. They occur on 
the north-west coast south of Kuala linggi. The source of 
the mineral is a schist with cassiterite bearing quartz veins. 
Most of the tin, however, comes from beach deposits which 
stretch for some distance under the sea. The cassiterite has 
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become disintegrated and concentrated by the water. Tin- 
stone has been reported at Chin-Chin in the soil, but hydrauKc 
operations are difficult. 

The Dindings 

On the west coast, near the northern extremity of the granite 
outcrops, tourmaline-granite occurs in Telok Mengkudu, and 
here a vein with tin ore was once reported to have been found 
in the rock. Some of the sea-sand on the beach has been 
found to contain a small percentage of metallic tin as well 
as other minerals. Old workings show that in the past there 
was considerable activity in tin-mining in this part of the 
Bindings, but it was probably only of low grade. In the south, 
tourmahne granite occurs again ; also in the neighbom-hood 
of Tanjong Katak, and tin ore is said to be distributed over 
the sea-bottom to the south. 

XII. THE DEPOSITS OF THE UNFEDERATED STATES 

Johore 

Previous to 1915 the ore from this state eame from Muar 
and Batu Pahat, but in that year discoveries were made 
in the valley of the Jemaluang, a small river flowing into the 
China River near Mersing, showing distinct indications of 
the presence of tin ore at various places between Jemaluang 
and the Sedih. 

The result of this discovery was a flow of applications for 
prospecting licences not only at Mersing and Jemaluang, but 
overland at Endau, Kota Tenggi, Pulai, etc. 

Whereas the number of apphcations for prospecting licences 
in 1914 was forty-four, the number in 1915 was close on 900. 
Speaking in 1915 of the future prospects of this area, the 
Commissioner of Lands and Mines states that it is quite possible 
that south of the Ulu Mersing in the Sedili Valley the history 
of Jemaluang may be repeated, but that the country is even 
more unknown than was Jemaluang, and that for this reason 
apphcations wiU not be accepted until a rough departmental 
survey of the watercourses have been made. 

The East Coast Tin-field produced in 1916, 33,857 pikuls, 
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or 2,015 tons of tin ore, approximately, equivalent to 1,410 
tons of tin. 

Trengganu 

The development of the eastern coast of the peninsula, in 
particular the state of Trengganu, owing to the difficulty of 
access, its dense vegetation and its mountainous nature, has 
not made much progress, whereas the more accessible western 
coast has been actively exploited for its mineral and agricul- 
tural wealth. However, since the cession of the state by Siam, 
greater activity is noticeable, and as the comparatively shallow 
and easily-worked alluvial deposits of tin in the western 
States become exhausted, and more compUcated and costly 
methods for working the deeper deposits are required, the 
untiring Chinese prospector in turning his attention to this 
state. 

When nominally mider Siamese rule, both lode and alluvial 
mining were carried out for a number of years along the 
waterways and in the more accessible parts of the country, 
and, until recently, tin was the only mineral mined. It occurs 
in alluvium in many of the narrow creeks and tributaries of the 
larger rivers, and in lodes or replacement deposits in the granite 
chiefly in the southern part of the state. Whilst working 
for alluvial tin near the source of the River Jingah, a tributary 
of the Dungun River, and at the foot of the southern slope 
of an isolated mountain — Bukit Runtoh — the Chinese first 
discovered wolfram associated with the alluvial tin. The 
principal geological formations consist of variously- coloured 
clays, slates, schists, quartzites, granite, sandstone and lime- 
stone. 

The extent of the old alluvial workings is due to the Chinese. 
They are in many instances of water ditches and tail races 
rediscovered at the head-waters of abandoned streams. 

At various elevations occur lodes of tin-stone, from the 
eroded portions of which the alluvials have been formed. 
Small stanniferous leaders are found in the granite, though 
not in association with, or even in close proximity to any 
workable tin lode. There occasionally occurs extremely fine- 
grained cassiterite widely disseminated through the granite. 
The dense vegetation and deep overburden render prospecting 
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away from the immediate vicinity of the waterways extremely 
difi&cult, and it is only along the river-banks and on the slopes 
and summits of some of the high mountains which have with- 
stood erosive action, that one is able to see and examine rock 
exposures. The country has been subjected to considerable 
disturbance, and weathering influences have penetrated deeply 
into the ground through the faults and cracks resulting from 
the shattering of the country. Erosion and weathering action 
have played a prominent part in its configuration and in the 
formation of the alluvial deposits of tin and wolfram. 

The oldest and so far the most important tin-mine in the 
state is the Bundi Mine, situated near Kuala Kamaman. 
The mine is owned by a private company. Though it has 
been a more or less steady producer for a number of years, 
it has had varying success, but, owing to the reticence of the 
owners to divulge any information to outsiders, nothing can 
be said concerning the nature of the deposit that is being 
worked and the methods adopted for its exploitation. 

Along the upper reaches of the Sungei Pacca and Sungei 
Dungun, tin-washing by Chinese, and to a lesser extent by 
Malays, has been going on for a number of years. The deposits 
occur in small, irregular and rich patches, along narrow channels 
of the smaller streams, and the karang or tin-bearing 
gravel, usually about 2 feet in thickness, is covered by a 
barren overburden from 3 feet to 15 feet. 

In working these deposits the Chinese adopt the tisual 
method in use throughout the peninsula and suitable to this 
class of deposits of limited area, which consists of stripping 
the overburden and of the removal of the karang to the 
wooden sluice boxes, where it is washed to recover the tin. 
The water used for this purpose is conveyed to the working 
faces by means of ditches or bamboos, chain and bucket 
pumps being used to raise the water to the required level. 
The tin concentrate recovered is exceptionally clean, and 
contains practically no impurities ; it varies in size from the 
fineness of dust to pieces weighing up to 15 lb. of pure cassi- 
terite. 

The country where the alluvial tin occurs consists princi- 
pally of slate and schist. 
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At Sungai Ayam in the Kemaman district the workings 
are chiefly in hill lodes approached by adits, but there is also 
a certain amount of alluvial tin. 

The Tebak Tin Fields, Limited, is now engaged in exploiting 
3,000 acres of land selected by Kemaman, Ltd., in 1917. 

At Bukit Tawang, north of Trengganu, tin is being worked 
by hydraulicing. The hill is said to contain tin-bearing gravel 
which averages 1 lb. to 1^ lb. per cubic yard, and the first 
shipment of tin from this mine was made last February. 
This is the first hydraulic mine in the state. 

The following statistics occur in the Annual Report of 
Trengganu for 1918. 

The figures of labour and output for the principal tin-mines 
were as follows : — 



Name of Mines. 



Bundi 

Sungai Ayam 
Kajaiig . 
Tebak Tin-fields 
Wah Li Kongsi . 



District. 



Komaman 



Paka 



Labour 

F,.i<-... 



592 
225 
160 
600 
202 



Output. 



Pikuls. 
2,878 
1,237 
2,177 
1,336 
365 



In 1918 the exports of tin ore to Singapore were 10,194 
pikuls (600 tons) ; the figures for the last five years were : — 





Year. 


Tin Ore. 


Vfilne. 






Pikula. 


t 


1911 




6,374 


341,718 


1915 




6,680 


379,335 


1916 




7,979 


478,501 


1917 




7,244 


467,447 


1918 




10,194 


1,005,916 



Kelantan 

This state makes practically no contribution to the tin 
production of Malaya. In fact there is no output recorded 
for 1916 and 1917, the largest being 19 tons in 1912. 
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The tin-mining localities are on the Nenggiri River, which 
is a tributary of the Kelantan, and rises on the border of 
Kelantan and Pahang. The ore from this district is reported 
to be very coarse and to run into the hillside. 

Other localities where small workings are from time to 
time carried out are Bukit Yong, Pulau Ohondong, Berhala 
Tambun in the Pasir Puteh district. 

In the Kelantan Report for 1916 the owners of the Nenggiri 
lease were said to have let on tribute 200 acres out of their 
2,000 acres to Chinese, and to have disposed of the balance 
to open dealers in Singapore, the latter being in negotiation 
with an Australian capitalist. Hence, there appears some 
chance that part of the interior of the country will soon be 
scientifically prospected. 

Kedah 

The principal mining districts in Kedah are Kuala Muda, 
Kriam Kulim and Kubang Pasu. 

The following remarks by the Warden of Mines on the two 
principal mines of the state appearing in the Annual Report 
for 1918 are of interest. 

(a) Mr. Russell's Mine at Sintok in North Kedah. 

At the end of 1335 (September, 1917) a prospecting licence was 
granted to Mr. J. A. RusseU giving him mining rights over a 
considerable area of land in the Sintok valley in which it was 
known that a deposit of woKram existed and was being ille- 
gally worked by gangs of coolies whom it was impossible to 
control or locate. Mr. Russell met with considerable difficulty 
from the start, not the least being the want of communications 
and sickness amongst his labour force. 

A condition of the licence was that the deposits should 
be developed as rapidly as possible with a view to an immediate 
output of mineral : during the year 8,377 pikuls of mixed 
ore were won, which after magnetic separation resulted in 
4,840 pikuls of wolfram and 2,328 pikuls of tin ore, the balance 
of 1,209 pikuls being loss on separation, consisting mostly of 
iron and arsenic pyrites. In six places outcrops have been 




ON A HYDRAULIC MINE. 




CHINESE PUDDLING BY HAND. 



[7*0 ^ace pa^e io6. 
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discovered, all carrying mineral contents which are now being 
worked open-cast ; the original find has been opened up for 
a length of 1,000 feet along the lode and to a depth of 100 feet ; 
the other outcrops are being worked in a similar manner. 
Preparations are in hand for sinking a shaft on the main 
lode to a depth of 260 feet, with the object of testing the values 
of the lode in depth ; the importance of the information to be 
gained by sinking this shaft is obvious. 

A dispensary and police station were built at Sintok village. 
At the end of the year the labour force, which at one time 
numbered 1,000 men, had decreased to about 700. An average 
of 650 cases monthly are attended to at the dispensary ; in 
addition a good deal of work was done to improve the insanitary 
surroundings of the village. The earth road from Changlun 
proved insufficient for the needs of a rapidly opening district, 
and considerable difficulty in transport was experienced in 
consequence. 

(b) LoKE Chow Thye's Mine at Ayun. 

fhis is the only other mine in the state of any importance — 
210 cooUes are employed and work is carried on in an old river- 
bed by means of a hydraulic elevator; the possibiUties of 
this valley, as elsewhere in the state, are very largely dependent 
on the supply of water at any given time. A trace has been 
made for a road to connect Ayun with the Kuala Nerang Road 
and a certain amount of earthwork done. 

The scarcity of water will prevent any very great increase 
of mining in North Kedah or round Semiling, which are the 
two busiest mining districts at present, and the enormous 
stretches of paddy in the centre of the state forbid any ground 
sluicing in the upper reaches of the rivers. Thirteen hundred 
and thirty-six (October, 1917, to October, 1918) has experi- 
enced a probably unprecedented increase in revenue and 
output. It can hardly be expected that 1337 wiU have a 
similar increase over 1336, but there is no reason to fear that 
there will be any decrease. 

The following table gives the usual figures for the last five 
years ; — 
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Tin Obe (Pikuls). 

A.H. 1332 . 14,460 

A.H. 1333 14,582 

A.H. 1334 . 11,414 

A.H. 1335 . . 8,004 

A.H. 1336 13,068 

Perils 

The chief source of cassiterite in this state is the caves and 
underground streams and limestone hills on the Setul border. 
The underground streams do not respond readily to that kind 
of prospecting that can be carried on with small capital, and 
it is not of sufficient importance to attract the larger mining 
companies of Malaya ; there has, moreover, been a steady 
decline in the production in this state since the year 1333. 

The exports in 1335 and 1336 (October, 1917, to October, 
1918) were 3,284 pikuls (195|^ tons) and 2,596 pikuls (154 
tons) respectively. Added to the necessity for large capital 
for further development in this district, are the difficulties 
of transport, which does not tend to attract even Chinese pro- 
spectors. 

XIII. PROSPECTS OF FURTHER SUPPLIES OF TIN ORE 

The future of any mining country depends on three main 
factors : the discovery of new ore-bodies to replace those worked 
out, labour or power cheap enough to enable miners to work 
the deposits at a profit, and communications. In the present 
century the number of new tin-fields discovered in the Malay 
Peninsula is small. Advance, generally speaking, has been 
on the lines of developing already known fields by the appli- 
cation of cheaper methods of working ; and, as has been 
mentioned before, it is safe to say that had miners of thirty 
to forty years ago been told that in 1918 it would be possible 
to work at a profit ground that contained what they would 
have considered a negligible quantity of ore, they would have 
laughed at the idea. 

It might be argued that with so small a country as the 
Malay Peninsula and so large a population of miners, white 
and Asiatic, aU anxious to get rich quickly, no payable deposits 
of tin ore could possibly remain long hidden. Geological work 
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supports the view that there are large tracts of country, such 
as the centre of Pahang, which will never jrield any tin ore ; 
but in spite of the two factors mentioned, this century has 
seen the opening up of two new tin-fields, the Blat and Gambang 
tin-field in eastern Pahang, and the Mersing tin-field in Johore. 

The prospects of finding new fields in easily accessible 
country are not promising ; but as communications improve, 
especially in the hilly country of the Main Range in Perak, 
it is reasonable to expect new discoveries ; but another factor 
that must be taken into consideration is that as long as easily 
accessible land remains to be worked there will be no induce- 
ment for Chinese to migrate in large numbers to the hills. 
In the case of Selangor and Pahang the activity in the Main 
Range is largely, if not mainly, due to the land below becoming 
nearly exhausted, and these miners have also been helped by 
good communications in the form of two high roads crossing 
the range. 

There have been hopes of finding a large amount of tin in 
Perils, but the difficulties to be surmounted are great. 

In the first place the mining is carried on in caves which 
are often flooded, and as the country is very level the floods 
would carry sluices over the padi fields and do great harm. 
PerUs also offers the worse conditions for deahng with tailings. 

It seems not unlikely that there may be great wealth of 
till ore in the Perils Mmestone hills near Bukit China ; it is 
supposed that the granite of BuJdt China is the source of the 
tin in the flooded caves, and perhaps of that found in the 
crevices on the tops of the hills ; the levels of the streams 
flowing through the hills must be lower now than they were 
formerly, and prospectors would have as good a chance of 
finding tin up in the hills, where there are no water difficulties, 
as in the flooded oaves. 

But even if new fields exist in easily accessible coimtry, 
agriculture offers a fairly secure return, and land known to 
contain tin ore — ^but whether workable now is another ques- 
tion — may be given up to rubber-growing, which is more 
attractive than a problematical tin- mine. In fact, although 
what is known of the geology of the country does not rule 
out the possibility of new tin-fields being opened up, for the 
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present the prosperity of the industry seems to depend mainly 
on applying the cheapest methods available to known fields 
where extensive low-grade deposits stiU exist. 

It would be rash to assert that no further fields remain to 
be discovered ; though there is a strong probability that 
maintenance of a big output depends chiefly on the further 
economic development of existing fields. In a country so 
densely covered with vegetation, places where there are only 
a few small native workings at present may prove to contain 
greater wealth of ore than is suspected now ; and improved 
communications in country such as the Upper Perak district 
may make expenditure on prospecting more attractive. It 
is easy to pour cold water on such hopes ; but there have been 
cases in recent years, apart from the opening up of the two 
tin-fields mentioned above, that justify one in beheving that 
further valuable discoveries are not impossible. The Bentong 
tin-field of Pahang, for instance, was developed after the con- 
struction of a road that brought transport within a reasonable 
limit of expense. Tin ore was known to exist there, and 
worked, before the road was made ; but improved transport 
enabled a Chinese miner to support a large force of men and 
prove the field to be more extensive than was known before. 
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XIV. MALAYAN STATISTICS AND CHARTS 

Table 1. Export from each of the Federated States, 1900- 
1918. 

2. Corrected Figures for Inter-State Trade, 1915-1918. 

3. Imports of Tin into the Straits Settlements, 
1910-1917. 

4. Imports of Tin Ore into the Straits Settlements, 
1910-1917. 

3. Exports of Tin from the Straits Settlements, 
1910-1917. 

6. Exports of Tin Ore from the Unfederated Malay 
States. 

7. Exports of Tin Ore from the Straits Settlements, 
1912-1917. 

8. Monthly Output of the Federated States, 1916- 
1919. 

9. Output of the Pahang Consolidated Co., Ltd., 

1910-1918. 

Extra Statistics. 

Charts A, B, and C, showing export, output and price of the 
Federation Malay States. 
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TABLE II. 

The figures in the foregoing table give the actual exports from each 
state, but does not give a true idea of the position as regards 
each state owing to the large amount of the inter-state trade. 
The following table therefore gives for the years 1915-1918 figures 
corrected for inter-state trade. 



State. 


1915. 


1916. 


1917. 


1918. 


Perak .... 
Selangor .... 
Negri Sembilan 
Pahang 


Pikuls. 

467,346 

222,298 

29,049 

66,977 


Pikuls. 

458,876 

195,088 

20,544 

62,506 


Pikuls. 

414,587 

175,161 

17,439 

02,010 

669,197 


Pikuls. 

387,750 

170,359 

16,246 

53,460 


Total .... 


785,670 


737,014 


627,815 



The above figures are given in pikuls of 133 J lb. 
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TABLE VI. 

ExpoHTS OF Tin Obe from the Untedbbatbd Maiay States. 
In tons (2,240 lb.). 





1012. 


1913. 


1914. 


191S. 


1916. 


1917. 


Johore . 


308 


461 


844 


2,842 


3,408 


3 272 


Kedah . . 


836 


865 


860 


868 


679 


476 


Kelantan . 


19 


7 


9 


6 


— 




Perlis . 


188 


108 


187 


230 


209 


196 


Trengganu . 


403 


331 


379 


398 


475 


431 


Total . 


1,753 


1,772 


2,279 


4,344 


4,771 


4,375 



TABLE Vn. 

Straits Settlements. 

The only tin producer of the Straits Settlements is Malacca. The 
export of tin ore from 1912-1917 was as follows: — 





Tons 


1912 .... 


11 


1913 .... 


15 


1914 


9 


1915 .... 


. 57 


1916 .... 


. 30 


1917 .... 


10 



(According to figures at Imperial Institute.) 



118 TIN RESOURCES OF THE BRITISH EMPIRE 



TABLE VIII. 

Federated Malay States Tin Output in Tons. 

(16-8 pikuls = 1 ton.) 





1916. 


1917. 


1918. 


1919. 


January .... 


4,316 


3,558 


3,149 


3,765 


February 








3,372 


2,755 


2,197 


2,673 


March . 
April 
May . 
June 
July . 








3,696 


3,286 


2,608 


2,819 








3,177 


3,251 


3,308 


2,855 








3,729 


3,413 


3,332 


3,404 








3,435 


3,489 


2,950 


2,873 








3,517 


3,253 


3,373 


3,756 


August . 








3,732 


3,413 


3,259 


2,965 


September 








3,636 


3,154 


3,166 


3,161 


October 








3,681 


3,436 


2,870 


3,221 


November 








3,635 


3,300 


3,131 


2,972 


December .... 


3,945 


3,526 


3,023 


2,413 


Total .... 


43,871 


39,833 


36,376 


37,867 



TABLE IX. 
The Pahang Consolidated Company, Limited. 





Tin Ore 


Black Tin 




Date. 


Crushed. 
Tons. 


Obtained. 
Tons. 


Percentage. 


1910 . . . 


80,736 


908-5 


1-12 


1911 . 






78,448 


973 


1-24 


1912 . 






102,797 


1,125 


1-09 


1913 . 






127,543 


1,366-5 


1-07 


1914 . 






137,055 


2,016 


1-47 


1916 . 






160,000 


2,542 


1-59 


1916 . 






162,200 


2,539 


1-56 


1917 . 






166,700 


2,657 


1-70 


1918 . 


- 


187,300 


1,990 


1-06 


Total . . 


1,192,379 


16,114 


1-32 



(CHART A) 
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Takbn from the Report (for 1918) of the Senior Wabden of MnnES, 

Me. W. E. Kenny. 
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ExTBA Statistics s Pbdbbated Malay States, 

With regard to machinery at the mines, there was a consider- 
able increase in 1916, but in 1917, owing largely to the diffi- 
culty of obtaining machinery from England and Austraha, 
there was a falling off in horse-power. The only important 
plant installed in 1917 was the Tin Bentong Co.'s hydro-elec- 
tric power plant and electrically-operated dredge. The follow- 
ing table shows the horse-power and nature of the machinery 
and appliance^ for the years 1916 and 1917. 





1916. 


1917. 


Steam . . 

Steam-electric 

Hydraulic . 

Hydro -electric 

Suction-gas 

Oil-engines 

Oil-electric 




24,810 
4,265 

17,911 
3,649 
2,203 
3,851 
1,495 


23,748 
2,420 

18,524 
4,396 
1,794 
2,692 
2,003 




58,074 


55,576 



Taking the local average of eight labourers per horse- 
power, the aggregate in 1917 corresponds to a labour 
figure of 444,608 against 464,592 in 1916. 
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GLOSSARY 



Amang. The heavy mmerals 
associated with cassiterite or 
gold. 

Ayer. Water. 

Batu. Rock. 

Besar. Big. 

Besi. Iron. 

Bliong. Axe. 

Bukit. HiU. 

Changkat. A hillock. 

Gajah. Elephant. 

Ginting. A mountain pass. 

Goa. A cave. 

Gunong. A mountain. 

Itam. Black. 

Jarang. Separated by wide 
intervals. 

Jeram. A rapid. 

Kampong. A hamlet ; a home- 
stead ; a home. 

Karang. Pay-dirt. 

Klian. A mine. 

Kongsi. Chinese shed. 

Kota. Fort. 



Kuala. A river mouth. 

Kuning. Yellow. 

Lalang. Long grass (Imperata 

cylindrica). 
Lampan. A sluicing mine. 
Lembing. A light spear. 
Lubok. A pool. 
Lumbong. A hole, a mine. 
Lumpur. Mud. 
Mas. Gold. 
Merah. Red. 
Nibong. A palm (Oncosperma 

tigillaria). 
Orang. Man. 
Pawang. Magician. 
Puloh. An island. 
Puteh. White. 
Siput. A snail. 
Sungei. A river. 
Tanjong. A cape. 
Tujoh. Seven. 
Tumbok. To pound. 
Ulu. The part of a river basin 

near the source. 
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Appendix II 
TANAH PADI (SOIL) 

In Kinta and elsewhere, wherever the tin-bearing beds outcrop, 
the soil is stanniferous. The most notable occurrences of tanah 
padi occur at Gopeng. The tin-bearing beds are essentially clay 
and not so easy to work as sandy beds. The high specific gravity 
of the tin ore leads to a gradual increase in percentage as the soil 
is washed down the slopes, so that the Gopeng tanah padi is 
attractive to miners. 

At Bruseh and Jeher in Batang Padang, much tin ore has been 
won from the soil. At Bruseh there was once some evidence of a 
big quartz vein having acted as a riffle to the soil as it crept down 
the slope. 

In the Bindings there is evidence of old tin-working in the soil 
of the granite hills near Telok Sera. A common feature in the 
sou formed by decaying rocks, is the presence of iron-stone and 
aluminous concretions. When the underlying rock is tin-bearing 
the iron-stone often contains tin ore in payable quantities. This 
mode of occurrence is simply a counterpart of the familiar " gossan " 
or iron-hat of tin-lodes. 
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(B) INDIAN EMPIRE (INDIA AND FURTHER 
INDIA) 

I. INDIA 

Bengal : — 

1. Chappatand. 

2. NtrEHNGA OR NUBGO. 

3. SiMEATARI. 

Bombay : — 

1. Dhaewae. 

2. Palanpttb. 

3. Rewa Kantha. 

II. FURTHER INDIA 

(a) Climate. 

(6) Geology. 

(c) Rivers and Lakes. 

{d) Roads and Railways. 

(e) Currency, Weights and Measures. 

The Tin Deposits of Bttbma: — 

1. Kaeenni. 

2. Mebgui. 

3. Tavoy. 

4. Thaton. 

Tables and Statistics, 
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I. INDIA 

Tin is found in small quantities in Bengal and Bombay. 

Bengal 

The ocourrencee in the Presidency of Bengal are in the 
ProArince of Bihar, Division of Chota Nagpur, and District of 
Hazaribagh. 

At present oassiterite has been found at three localities in 
the neighbourhood of Hazaribagh : — 

(1) Chappatand (24° 40' ; 86° 0' 30'). 

(2) Nurunga or Nurgo (24° 10' ; 86° 8' 30"). 

(3) Simratari (24° 39' ; 85° 50'). 

(1) Chappatand. — ^The ore occurs here in the form of a 
cassiterite-granulite and has been described by L. L. Fermor 
{Rec. O.S.I. , xxxiii. 235-6, 1906). 

The ore is very rich in oassiterite, the crystals being in equal 
dimensions with the other constituents. 

Sometimes, however, it forms aggregates to the exclusion 
of the other minerals. 

(2) Nurunga or Nurgo. — ^The tin ore in this locality 
forms three or four lenticular beds in gneiss and was first 
noted in 1849, although no attempt was made to work it till 
about 1867. Speaking of these deposits, MaUet says that the 
beds are seldom more than a foot or two across, but in places 
reach a width of 13 feet. 

The lateral extension is about 20 yards, nearly parallel 
to the foliation of the gneiss. The beds were worked to a 
depth of about 60 feet, but owing to the decreasing value of 
the ore and an inrush of water, work was stopped. 

In 1895 Gates described a further experiment at Nurunga. 
A shaft was sunk to a depth of 614 feet, but below 568 feet 
the one body was cut out. A sample of the ore yielded 1 -87 
per cent, of tin. Owing to the ore being contaminated to a 
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great extent with gangue and iron, the yield per ton of tin ore 
was only about 134 lb. instead of double that amount as was 
estimated. 

In the General Report of the Geological Survey of India 
the cassiterite-granulite is described as forming a thin layer in 
a much thicker band of microchne-granulite, which also con- 
tains sparsely scattered grannies of cassiterite. The thin 
layer often contains from 30 to 50 per cent, of cassiterite. 

(3) Simratari. — ^The occurrence here is very small and 
consists of a few cassiterite crystals in a lenticular pocket of 
granite in mica schist. 

Bombay 

The occurrences of tin in the Presidency of Bombay are very 
imimportant, and are only three in number : — 

(1) Dharwar. 

(2) Palanpur. 

(3) Rewa Kantha. 

(1) Dharwar. — In this district, which is about 70 miles 
east of Goa, grains of oxide of tin have been foimd in the 
streams draining the northern portion of the Kapatog Range 
near Dambal (15° 18' : 75° 50'). The ore was associated with 
native copper and silver. 

(2) Palanpur. — This is a feudatory state in Gujarat. Sir 
T. H. Holland described in the Mec. G.8.I. for 1904 a find 
of cassiterite associated with gadolinite at Hosainpura. It 
occurs in distinct large crystals as a constituent of tourmahne 
pegmatite. 

(3) Rewa Kantha. — In this political agency, which is also 
in the Gujarat division of Bombay, cassiterite is reported from 
Jambughoda (22° 22' : 73° 48'). A sample was sent to the 
Indian Geological Survey's offices, but nothing is known of its 
mode of occurrence. 

II. FURTHER INDIA 

Under this heading will be found by far the most important 
tin deposits of the Indian Empire. 
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They all lie in Lower Burma, except that of Karenni, which 
is situated between Lower and Upper Burma. 

As perhaps the general reader has only a vague idea of the 
physical features, railways, etc., of Burma, a few notes on the 
subject will not be superfluous. 

Burma is the largest province of the Indian Empire and was 
completely annexed after the three wars of 1826, 1852 and 1886. 
In 1897 Burma was raised to the rank of a lieutenant-gover- 
norship. It stretches from the Kachin Hills, which he between 
27° and 28° N., to Victoria Point (9° 55' N. ) at the mouth of the 
Pakchan River, and from the Bay of Bengal on the west to 
the Mekong River — that is to say, between long. 92° and 100° 
roughly. 

The boundaries on the north are Assam, the Namldn Moun- 
tains and Cliina — on the south the Gulf of Martaban and the 
Siamese Malay States — on the east China (Yimnan), Chinese 
and Siamese Shan States, French Indo-China and Siam — on 
the west the petty states of Tipperah and Manipur and the 
Bay of Bengal. 

Burma is encircled on three sides by mountains. The 
Arakan Yomas start at Cape Negrais and run northwards till 
they join the Kumon Range. Parallel to the Arakan are the 
Pegu Yomas which occupy most of the area between Rangoon 
and Mandalay, to the west of the railway. 

Burma consists of thirty-seven districts, arranged in eight 
divisions, as follows : — 



Lower Burma 



^(1) Arakan, with 4 districts. 

(2) Pegu, „ 5 

(3) Irawadi, ,, 6 ,, 

1,(4) Tennasserim, with 6 districts. 



!(5) Minbu, with 4 districts. 
(6) Mandalay, „ 5 
(7) Sagaing, „ 4 „ 
(8) Meiktila, „ 4 

The total area of the province is estimated at between 
231,000 and 238,500 square miles. The population is over 
12,000,000. Further information is found \mder the following 
heads : — 
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(a) Climate. 

(6) Geology. 

(c) Rivers and Lakes. 

{d) Roads and Railways. 

(e) Currency, Weights and Measures. 

(a) Climate 

The climate of Lower Burma is cooler and more temperate 
than that of Upper Burma. The rainfall near the coast varies 
from 200 inches in the Arakan and Tenasserim divisions to 
about 90 in Rangoon and the Irawadi delta. In the north 
of Upper Burma the annual rainfall averages 80, while in the 
dry zone near Katha it falls as low as 20 inches. 

The temperature of Upper Burma varies from 60° to 100°, 
while in the Shan States the chmate is temperate. In the 
Salween Valley the shade maximum reaches 100° every April. 

(6) Geology 

A line drawn northwards from Rangoon to Mandalay and 
straight on divides Burma roughly into two distinct geological 
areas. 

To the east are the gneisses and Palaeozoic rocks, and to the 
west the deposits are Tertiary and Quaternary. The western 
ranges are formed by beds presehting a series of folds curving 
from south to north. There is an axial zone of Cretaceous 
and Lower Eocene which is flanked by Eocene and 
Miocene. 

The valley of the Irawadi is Pliocene and alluvium of Pleisto- 
cene age. The Eocene beds are of marine origin and contain 
nummulites. The Pliocene is freshwater and contains fossi- 
Uzed tree-tnmks, mammalian remains, etc. The geology of 
the eastern portion of Burma has been but little studied. 

The division of Tenasserim, which contains most of the tin- 
mines, has jdelded fossils of Carboniferous age, while Ordovician 
fossils have been found in the Upper Shan States. 

Volcanic rocks are rare, but 50 miles north-north-east 
of Yenangyaung is the extinct volcano of Popa (3,000 
feet). 
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(c) Rivers and Lakes 

The Irawadi is by far the most important river in Burma. 
It rises somewhere at the juncture of India, Tibet and China. 
The Mali and the N'mai meet about 150 miles north of Bhamo 
and contribute chiefly to its volume. It is navigable up to 
Bhamo, which is about 900 miles from the coast. Its chief 
tributary is the Chindwin, which is navigable for 300 miles from 
its juncture with the Irawadi at Pakokku. There are numeroiis 
so-called rivers of the delta which are simply the larger mouths 
of the Irawadi. 

There is, however, one true river worth mentioning, the 
Hlaing, which rises near Prome and flowing southwards meets 
the Pegu River and finally forms the Rangoon River and the 
harbour of Rangoon. To the east lies the mouth of the Sittang, 
which rises in the Sham-Karen Hills and practically follows the 
Mandalay-Rangoon railway. The only other river of import- 
ance is the Sal ween, which rises in the Tibetan Mountains. 
Its actual length is unknown, but it is considered to be even 
longer than the Irawadi. It is met at its mouth by the Gyaing 
and the Ataran rivers, and together they form the harbour 
of Moulmein. 

The only river of any size in the tin district is the Tenasserim. 
It rises about 30 miles north-east of Tavoy and flows near 
the botmdary to Tenasserim, where it turns north towards 
Mergui. 

The largest lake in Burma is Indawgyi in the Mjritkyina 
district, and is about 100 square miles in area. Other lakes 
of less importance are the Inle, Indaw, Paunglin, Inma, Tur, 
Duya, Walonbyan. In Tenasserim is the sacred lake at Ye. 

(d) Roads and Railways 

The roads are quite inadequate and for the most part very 
bad. There are 2,008 miles of metalled roads and 9,713 
miles unmettled. 

The question of improving the roads and making new 
ones has lately been much to the fore, and the committee on 
roads and communications is expected to efEect improve- 
ments. 



1,341-85 miles. 


121-27 „ 


65-66 „ 


69-68 „ 
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The Burma Railways Company has nearly 1,600 miles of 
open Une, which is divided up as follows : — 

Company's lines (of which 118-94 miles 

are double tracked) 
Pegu-Motilmein Railway 
Henzada-Kyangin Railway. 
Southern Shan States Railway . 

1,698-46 „ 

The principal lines are from Rangoon to Mandalay (with 
a short branch Une from Naba to Katha), Sagaing to Myitkyina, 
Rangoon to Prome and Pegu to Martaban. 

The chief branch lines run from Thazi on the main hne 
to Myingyan Town on the Irawadi, and from Mandalay to 
Lashio. 

A second one goes from Sagaing on the Irawadi to Alon 
on the Chindwin. There is also a Une from Kyangin to Bassein, 
which is connected at Henzada with the Prome Une. The 
Une from Thazi to Yawng Ilwe is about half completed. 

The Siamese stations of Prachuap KirUcan and Bang Saphan 
Yei are only 8 and 16 miles distant respectively from the Bur- 
mese frontier and 60 miles from Mergui. The most convenient 
station for Tavoy would probably be Ban Pong, 45 miles west 
of Bangkok. 



(e) Currency, Weights and Measures 

The money, weights and measures of India, and the British 
equivalents, are as foHows : — 

The Pie = ^ Farthing. 

3 Pie =1 Pice = 1 Farthing. 

4 Pice, or 12 Pie = 1 Anna = 1 Peimy. 
16 Annas = 1 Rupee = Is. 4d. 
15 Rupees = £1. 

The rupee weighs one tola (a tola = 180 grains), -916 fine. 

The sum of 1,00,000 rupees is called a " lakh," and of 
1,00,00,000 a "crore" of rupees. A "lakh" of rupees is 
equivalent to £6,663 135. 4d. 
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The Maund of Bengal of 40 Seers = 82 lb. avoirdupois. 

The Maund of Bombay = 28 lb. (nearly). 

The Maund of Madras = 25 lb. (nearly). 

The Tola = 180 grains. 

The Gus of Bengal = 36 inches. 

An Act to provide for the ultimate adoption of a luiiform 
Bystem of weights and measures of capacity throughout 
British India was passed by the Govemor-Greneral of India 
in Council in 1 87 1 . This Act, however, has never been brought 
into operation. The matter was again considered by a Weights 
and Measures Committee, appointed in 1913, and the evidence 
was generally in favoiu" of a uniform system, provided there is 
not a too radical change from the existing practice. 



The Tin Deposits of Burma 

Tin in Burma occurs in the form of cassiteritc and is won by 
washing alluvial gravels in the Mergui and Tavoy districts of 
South Burma, in the Bawlake State of Karenni and quite 
recently at Thaton, 72 miles east of Rangoon across the Gulf 
of Martaban. 

The deposits are foimd near intrusive granitic bosses, which 
form the core of many of the hill ranges nmning northwards 
from the Federated Malay States, through j Tenasserim, as 
far as Karenni in lat. 19°. The first authentic reference 
to tin in Burma was made in 1599 by Half Fitch, who 
says that, while journeying from Pegu to Malacca, he passed 
by " many of the ports of Pegu, as Martauan, the Island of 
Taui (Tavoy), from whence cometh great store of tinne, 
which serveth all India." He will be quoted again when 
considering the Tavoy deposits. 

At present only a httle lode mining for tin ore has 
been carried on. Alluvial deposits from the granite ranges 
have furnished by far the most tin and will probably do so 
for a considerable time to come. 

Until the present century, the working of the alluvial 
deposits was entirely in the hands of the Chinese and Siamese 
settlers. 

An attempt was made about 1873 by a European company 

K 
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to work the gravels and lodes at Maliwun in Mergui, but after 
three years' work the lease was resigned. 

In his bibliography of Indian geology, T. H. D. La Touche 
says that ore is found in layers of gravelly clay ranging up to 
8 or 12 feet in thickness, usually covered by a variable depth 
of barren soil or rainwash, which must be removed in order to 
work the deposits. A system of ground sluicing is practised 
by the Chinese, but some ore is also obtained by panning the 
sands in the river-beds. The greater proportion of the ore 
is smelted on the spot, the remainder being exported to the 
Straits Settlements in the form of 70 per cent, concen- 
trates. 

The furnace in use is of Chinese design, and as described 
by Butler {Gazetteer of the Mergui District, Tenasserim 
Division, Rangoon, 1884, p. 28), is barrel-shaped, built of 
sun-dried bricks bound with iron hoops, and about 5 feet 
in height. It is fired with charcoal, the blast being furnished 
by cylindrical bellows, fitted with a piston worked by hand. 
The tin is refined by passing it through the furnace two or 
three times, and is cast into ingots of 34 or 74 lb. in weight. 

During the years 1888 to 1892, a systematic exploration of 
the tin-bearing deposits in the Mergui and Tavoy districts was 
carried out by a party of prospectors under the superintendence 
of T. W. H. Hughes, the results of which were published in 
two reports (J?ec. (r./S./., xxii., 188-208. Fol. 17 pp., Rangoon, 
1889). The first of these gives detailed particulars of each 
deposit examined, the nature of the country, and the conditions 
of labour ; while the second deals mainly with proposals for 
the administration of the field. Reports drawn up by Messrs. 
Ross Clunis and Primrose, the prospectors attached to the 
party, are given in appendices. The opinion was expressed 
that the deposits generally are sufficiently large and accessible 
to prove remimerative under economical management, and 
that as the country is opened up, payable deposits would be 
found to the north and east of the area examined. 

A further investigation of the deposits in Lower Burma was 
undertaken by J. J. A. Page during the years 1907 to 1912. 
The complete results of his work have not been pubhshed, but 
abstracts of his reports for the first two seasons have been 
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compUed by Holland {Rec. 0.8.1. , xxxvii., 1-56, 1908, and 
xxxviii., 1-70, 1909). 

The tin deposits will be considered under the following four 
headings : — 

1. Karenni. 

2. Mergui. 

3. Tavoy. 

4. Thaton. 

1. Karenni. — Karenni is a plateau of between three and 
foiur thousand feet imder control of the Government of Burma. 
The district is divided into five states, with a total area of 4,200 
square miles. 

Karenni lies on the frontier south of the Shan States. 

The mines are situated at Keh-daung (Tin-hill) near Mawchi 
on the Ke-ma-pyu river, which is a tributary of the Salween, 
in the sub-State of Bawlake. The existence of tin ore in this 
locality has been long known, but apparently no European 
visited it till 'Riley journeyed through the country in 1856-7 
{Jour. R. Geog. Soc, vol. xxxii., 1862, pp. 164-216). 

On page 208 O'Riley says : — 

" Proceeding with a party of Yaings to the tin-workings, I 
found that both sides of the watercourse consisted of a blue 
indurated slate, in which hues of quartz of varjdng dimensions 
penetrated, and at the juncture of the planes of the two rocks 
the ore (peroxide) formed irregular lodes, the quartz being 
more or less impregnated with the metal. Specimens of the 
quartz show long crystals of schorl accompan3dng those of 
tin, and in the washed ore obtained from disintegration of the 
rock at the bottom of the lode I found ' wolfram,' black 
sulphuret and cubic iron ores, with a few minute particles of 
malachite, giving sufficient evidence of the existence of that 
ore (carbonate of copper) on the stanniferous state of the main 
formation. With the exception of the open spaces worked 
into the quartz veins the whole surface was so thickly clothed 
with jungle vegetation that no connected observations of the 
locality could be made ; but from the numerous fissures indi- 
cating the points of deposits worked by the Yaings, there can 
be no doubt but that the ore is extensively distributed through- 
out the whole clay-slate system of the locahty. 
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" The process of working the ore, as followed by the Yaings, is 
rude in the extreme. Following the lines of quartz that show 
the largest amount of wastage, with a small iron spud they 
separate the crystals of the ore from the matrix, which, with 
the deposited debris on the floor of the lode, they wash and 
smelt in small furnaces, cut out of the hill-side, of suificient 
capacity to contain two to five viss of the ore. Green wood 
and charcoal form the fuel used in reducing the ore with a flux 
of hmestone ; but the process is so inefficient, that at least one- 
fifth of the metal remains in the scoria. These deposits, if 
worked by Chinese or Shans, even with their inefficient 
method, would prove an inexhaustible source of wealth to the 
undertakers." 

In 1910 the mines were visited by Page (see Bee. 6.S.I., 
xli., 47-85). He found the rocks to consist of various sedi- 
mentary types, including hmestone, sandstones, shales and 
conglomerates, referable partly to the Mergui and partly to the 
Maulmain series. Granite and crystalline rocks are also pro- 
minent, and are pierced by quartz-veins containing wolfram 
and cassiterite. The latter mineral also occurs in the granite. 
There are ten or more lodes, varying from 2 J to 5 feet in thick- 
ness. The concentrates are recovered by an up-to-date 
miU. 

2. Mergui. — ^The principal hiU ranges of this district have a 
north to south trend and (Bee. G.S.I., xlvi. ) are composedmainly 
of granite, with flanking hiUs cut out largely of unfossiliferous 
schists, slates, sandstones and quartzites, belonging to the 
so-called Mergui series. The granites appear to be intrusive 
into the sedimentary rocks, and are exposed in a series of 
bosses that do not form a continuous outcrop. There appears 
to be more than one generation of granite rocks, and they are 
traversed by quartz-porphjrry dykes. Isolated patches of 
strata, probably Tertiary in age, are found resting imcon- 
formably on the highly inchned Mergui slates and quartzites. 
The country is largely covered with laterite and recent alluvial 
deposits, and is very heavily jungle-clad ; roads are scarce, 
and most of the transport is effected along the numerous creeks. 

The only tin ore worked is cassiterite, which is widely 
distributed throughout the district and is invariably foimd 
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near the granitic hills. The mineral is found under the follow- 
ing four conditions : — 

(1) As a constituent of decomposed pegmatite rich in 
tourmaline and muscovite, known locally as "kra," at 
numerous localities. 

(2) In massive quartz-segregations in and on the outskirts 
of granitic hills. Some of these segregations are several feet 
in thickness, and sometimes carry also wolfram, pyrite, and 
chalcopyrite, as for example at North HiU, near Maliwun. 

(3) In quartz veins and stringers in ground adjacent to 
decomposing pegmatite. 

(4) Hill-side talus accumidations due to the disintegration 
of classes (1), (2) and (3), extending to gravel deposits along 
the stream valleys and in alluvial flats. These form the 
deposits most generally worked by the Chinese and Siamese 
immigrants. 

Deposits have been noticed at the following localities : — 



(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8 

(9 
(10 

(11 
(12 
(13 
(14 
(15 
(16 
(17 
(18 
(19 
(20 
(21 
(22 



Banhuni(10°44' : 98° 46'). 

Bokpyin (11° 14' : 98° 60')— Yaungwa (11° 8' : 98° 52'). 

Ch'hando, near Palauk (13° 16' : 98° 44'). 

Hangpru (11° 1': 98° 50'). 

Hesamkong (11° 31' : 99° 12'). 

Kahan Hill (12° 20' : 98° 50'). 

Karathuri (10° 56' : 98° 48'). 

Kyaung-Kapra (10° 55' : 98° 48'). 

Kyaung-ta-naung (10° 63' : 98° 47'). 

Lenya (11° 28': 99° 2'). 

Maliwun (10° 14' : 98° 39'). 

Mazaw (12° 23' : 98° 54'). 

Mergui (12° 26' : 98° 36'). 

Migyaung Kyaung (11° 25' : 98° 46'). 

Sadien (11° 23': 98° 48'). 

Tagu (12° 16' : 99° 4'). 

Thabahk (12° 1' : 99° 16'). 

Tharapon (12° 10' : 98° 65'). 

Theindaw (Tendau, 12° 20' : 99° 10'). 

To-Twe (11° 4' : 98° 46'). 

Yamon (12° 13' : 98° 47')— Naukle (12° 18' : 98° 47'). 

Ye-ngan (11° 28': 98° 48'). 
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Page divides these localities into f oiir groups, contained in 
the townships of Mergui, Tenasserim, Bokpyin and Victoria 
Point. 

Most of the tin is won by Chinese and Siamese, who work on 
the alluvial deposits by ground-sluicing methods. The con- 
centrates are either smelted locally or exported direct to 
Singapore. 

The cassiterite exists in quantities that should be payable 
on either side of the granitic axes of the chief ranges. It 
has, for the most part, been formed in the numerous pegmatite 
intrusions into granites, etc., and the deposits at present worked 
are derived from the disintegration of the pegmatites. 

Page reported that he thought it possible that in some areas 
systematic prospecting would prove the existence of deposits 
suitable for dredging. 

The mines of this area are the most important in Mergui 
and have been leased to several European firms. A portion 
is now held by the Burma Development Syndicate, who have 
leased an area of three square miles. After being registered 
in London in 1903 with a capital of £5,000 the company was 
reconstructed at the end of 1912 with an authorized capital 
of £70,000 in 140,000 shares of ten shillings each. 

The concession includes granite hills containing stanniferous 
quartz segregations as well as much alluvial ground. 

The Chinese are working another deposit known as Klong 
Bankwa. The yield of the most profitable working here is 
61b. of cassiterite a cubic yard. There is a very rich ore bed 
at Klong Nam Sai deposit, but is unworked as the overburden 
is very thick. 

Besides the deposits on the mainland, cassiterite has been 
found in the Mergui Archipelago in the gravels of King's Island, 
Kissering Island, and Davies Island. 

Many of the islands are said to be formed of gneissose granite 
penetrated by intrusive dykes of granite and quartz porphyry, 
and would repay prospecting. 

The statistics of the Mergui district are given in the 
appended tables. Readers are referred to Rec. G.S.I., xxii., 
pp. 188-208 (1889), and to vol. i. (1919) for details about 
this district. 
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3. Tavoy. — ^The most recent and best accounts of the tin 
of Tavoy appears to be that by Dr. J. Coggin Brown, published 
in vol. xlix. of the Records of Geological Survey of India for 
1919, and by J. Coggin Brown and A. M. Heron in vol. 1. of the 
same publication. The former gives a very good idea of the 
history and conditions not merely in Tavoy but in the whole 
area under consideration. 

History. — ^Dr. Coggin Brown states that the date of the 
beginning of tin-mining in Tavoy is lost in obscurity, hut judging 
from the extent and character of the ancient workings, it must 
have been carried on for a very long time. An intimate 
acquaintance with the district leads Dr. Brown to conclude 
that the old miners removed very considerable quantities 
of tin-stone by ground-sluicing methods. The remains of 
tail-races and dumps have been found in most of the larger 
valleys, and modern hydraulic mining often exposes the old 
pits from which the cassiterite-bearing gravels were won. 

Tavoy became part of the British Empire in 1825. As 
early as 1836, Captain Low pubhshed a list of tin-mines, and 
stated that they found employment for 400 Burmese during 
four months of the year. 

In 1839 Dr. Heifer published the results of his travels in 
Ye, Tavoy and Mergui. He came across tin-stone workings 
40 feet deep in the alluvium near Myitta, and discovered a 
cassiterite lode near Wumpo. This place is probably the 
modern Egani, where extensive ancient workings have been 
found recently. 

In 1842 an anonymous writer mentioned the occurrence of 
cassiterite in the Talaingya and Taungbyauk chaung. 

In 1849 O'Riley pubUshed a paper dealing with the metalli- 
ferous deposits of Tenasserim, in which a list of tin-mines is 
given, including the Taungbyauk chaung, the head-waters of 
the Tenasserim and the stream flowing into the Heinze 
Basin. 

About this time a most interesting work appealed by Dr. 
Mason, one of the early American missionaries in Lower Burma. 
It is an encyclopaedic account of the natural history of Tenas- 
serim, with a portion devoted to geology and mineralogy. 
In it are the earliest references to Tavoy wolfram. It also 
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contains a brief description of certain tin-mines in Mergui, 
According to Dr. Mason : " Tin is abundant in the provinces, 
commencing from the mountains in which Tavoy and Henzai 
rivers have their rise, the northern limit of tin in the provinces, 
to the southern boundary of Mergui, Pakchan River. The 
richest locality in the province of Tavoy is nearly opposite the 
city of Tavoy, on the eastern side of the mountains." That 
large quantities of tin must have been found in Tavoy three 
hundred years ago, we have evidence in an incidental remark 
of Ralf Fitch, who, says Mr. Hough in the Moulmein 
Chronicle, " travelled in this part of the world about the year 
1586 or 1587." He says : "I went from Pegu to Malacca, 
passing many of the sea ports of Pegu, as Martaban, the Island 
of Tavi whence all India is supphed with tin, Tenasserim, the 
Island of Junkselon, and many others." 

In 1852 O'Riley appeared again with statistics of tin-mining 
in Tavoy, which were contradicted by Dr. T. Oldham, the first 
director of the Geological Survey of India, who, some years 
previously, had laid the foundations of our geological know- 
ledge of Tavoy and Mergui. HeKer came on the scene 
again in 1859, and in 1861 samples of tin ore from Heinze, 
Nwalabo and Khamaunghla were displayed at an exhibition in 
London. 

In 1905 the Golden Stream Syndicate issued its pro- 
spectus. This concern had prospecting rights over an area 
of 350 square miles, including most of Paungdaw and the 
upper Kamaungthwe Valley, but its operations were un- 
successful. 

It may be mentioned that during the years 1889-91 the 
Government of India supported three large prospecting 
parties to reconnoitre the Mergui district. They were imder 
the charge of T. W. H. Hughes of the Geological Survey. 
It is to be regretted that Tavoy was not included in the scope 
of this work. 

How is it that tin-mining has attracted so little attention 
during the long period of years in which the existence of the 
deposits of Tavoy has been known ? Many reasons can 
doubtless be advanced, but the greater weight must, in Dr. 
Brown's opinion, be given to the following ; — 
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(o) The isolation of the district. 

(6) The lack of internal communications. 

(c) The small population. 

It appears that the tin industry, as described by the early 
European writers, from Captain Low onwards, was already 
in a moribund condition, for the area covered by the old 
workings and the vast amount of ground that has been treated 
seem to indicate a time when the population was a numerous 
and prosperous one. It is possible that indigenous tin-mining 
was almost extinguished during Alompra's invasion in the 
middle of the eighteenth century. It is recorded that, after 
the Talaings were overthrown in the north, the Emperor 
marched down the mainland of Tenasserim, while his convoys 
sailed down the coast. Arriving at Tavoy, the expedition was 
delayed by the resistance of the Siamese garrison, which was 
at length betrayed. Owing to this event a series of massacres 
was commenced, before which the earlier deeds of the invaders 
pale into insignificance ; every town southwards from Tavoy 
was blotted out of existence, and the inhabitants either put to 
the sword or sold into slavery. 

In these events we may find the solution of the problem ; 
the local mining industry received a check from which it has 
never recovered, and extensive tracts of a very fertile district 
were depopulated to an extent which has not been made up 
since. 

In 1908, when Mr. J. J. A. Page, then an officer of the 
Geological Survey of India, commenced his inquiry into the 
conditions of tin-mining in Tavoy, the output was barely one 
ton per annum. In 1909 wolfram was met with in several 
localities, and from that date the production of this mineral 
has steadily increased, the total amount produced by the dis- 
trict up to the present time being over 14,000 tons. 

A statement is given below showing the annual production 
of tin ore in Tavoy from the year 1903 onwards : — 
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Amount. 


Year. 












Tons. 


Cwts. 


Qrs. 


Lbs. 


1903 .... 


1 


7 


3 


6 


1904 . 








1 


16 





25 


1905 . 








1 


10 


1 


22 


1906 . 








1 


5 


2 


Of 


1907 . 











12 





12 


1908 . 








1 


10 





8 


1909 . 











5 


3 


21 


1910 . 











6 





3 


1911 








Nil 








1912 . 








60 


9 


3 





1913 . 






64 





3 


14 


1914 . 






45 


9 








1915 . 






3 


17 


2 ! 


20 


1916 . 






i 39 


9 


3 


8 


1917 . 






i 125 


7 


2 


13^ 



Occurrence.- — Cassiterite is found in Tavoy in veins, in 
detrital deposits, in placer deposits and as an original acces- 
sory in certain granites. 

The best method of grouping the mines in this district is with 
the granite masses with which they are associated. In the 
accompanying map the main ranges have been sketched in 
with those mines which are connected with it. Thus, the 
central range has the Taungpila, Wagon, Putletto and Widnes 
mines ; the coastal range has Kambay, Kanbauk and Pachung, 
and so on. A few details concerning each of the fourteen 
mines enumerated by Messrs. Coggin Brown and Heron will 
be given. 

(1) Kambay. — This mine concerns us Uttle as it produces 
chiefly wolfram, and practically no cassiterite. With numbers 
(2) and (3) it is a " Coastal Range " mine. 

(2) Kanbauk. — ^There are here a number of veins occurring 
in sedimentary rocks, traversed by a thick basic dyke a Uttle 
to the east of the main lode series. The lodes are often drusy 
— an unusual thing in Tavoy. 

There are extensive alluvial and detrital deposits which 
yield cassiterite, wolfram and oxidized bismuth compounds in 



SKETCH MAP OF 

- TAVOY- 

1. ? . '.' ' 

• Mir\eS 



I A ML 




fTo face p. 138. 



ASIA 139 

profitable quantities. Further details concerning the mineral- 
ogical and geological characters will be given later on. 

(3) Pachaung. — ^These mines and those of Kechaung lie 
between Kanbauk and the peak Paungchon Taung (3,805 ft.). 
Like number (1), wolfram is the chief production. 

(4) Zimba. — This is a mine of the frontier range. It 
is owned by Messrs. Steel Bros. & Co. Several lodes 
occur in the granite near its contact with the sedimentary 
rocks of the Mergui series. The concentrate contains very 
little tin. 

(5) and (6) Byaukchaung and Kalonta. — ^These groups of 
mines in the Bolintaung-Byaukchaung range contain little 
cassiterite, though the latter 3delds more than the former. 
The granite has undergone much alteration, resulting in the 
production of greisen. The chief tin-mine of the district is 
three mUes west of the Bolintaung Peak. Only surface work- 
ings are at present carried on. They overlie decomposed 
argillites and quartzites and are penetrated in all directions 
by quartz stringers. 

(7) Pagaye is in the Kyaukanya-Peneichaung range, due 
south of number (6). A number of wolfram-bearing pegma- 
tites occur carrying a little cassiterite. 

(8) Hermyingyi lies just north of the central range. Veins 
occur both in the granite and in the sediments. Detrital 
deposits lie on the slopes of Tin Hill and Big HiU. Wolfram 
and cassiterite occur in payable quantities. 

(9) Taungpila is the first group of mines in the central 
range. In 1917 the district produced 100 tons of mixed 
concentrates. 

(10) Wagon area is a little south of (9). The amount of 
cassiterite is very small. Chlorite, molybdenite, wolfram and 
fluorite occur. 

(11) Putletto is worked almost entirely for wolfram. 

(12) Widnes is south of (11). The workings are extensive, 
some sections having seventeen veins. The cassiterite con- 
tent is very small. 

(13) Meke is a few miles south of the central range. Tin 
occurs in the Nanpayok and Yange areas. 

(14) Pe Ues near the south coastal range. The country 
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is at present inaccessible. The general strike is north-west to 
south-east, and the ore is low in tin-stone. 

Further details regarding the above deposits wiU be found 
in the R.Q.8.I., vol. i., and have been reprinted in the Mining 
Journal (October 11, 18 and 25, 1919). 

The following notes on the nature and origin of the deposits 
are taken from Dr. Brown's article in R.O.S.I., vol. xliv., 
1919. 

Veins. — Cassiterite is almost always found in close associa- 
tion with wolfram. Only one instance is known of a cassiter- 
ite-quartz vein which contains no wolfram. Examples of 
quartz veins containing wolfram to the almost total exclusion 
of cassiterite are commoner, but, as a general rule, most of 
the Tavoy wolfram veins contain some cassiterite. This 
mineral tends to rise in quantity in certain well-marked zones. 
For example, the ores of the veins in the granite of the northern 
extension of the Paungdaw- Wagon intrusion are very " tinny," 
and the proportion of tin oxide in the mixed concentrates 
may rise as high as 25 per cent. Cassiterite is present in rela- 
tively larger amounts in veins traversing granite than in others 
which pierce sedimentary rocks, though there are exceptions 
to this rule. Some of the mixed veins are of simple pegmatitic 
origin while others are of hydrothermal and pneumatol3rtic 
genesis. The associated minerals are nearly all micas with 
sulphides of iron, copper, molybdenum, lead, bismuth or zinc, 
the iron sulphides vastly predominating ; small quantities of 
fluorspar also occur. Specimens have been collected which 
show that in some veins the tin mineral was the first to be 
deposited, the tungsten compound coming second, but this 
is very rare ; in most examples tin has clearly followed tung- 
sten. 

Greisens carrying both wolfram and cassiterite frequently 
border the mixed veins when they traverse granite. They 
furnish a certain proportion Jof concentrate. Cassiterite 
tends to be more widely disseminated in the greisens than 
wolfram. 

The veins are worked by open-cast and underground methods, 
and practically the whole of the concentrates are recovered 
by the primitive and wasteful processes of " cobbing and 
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panning." It is impossible to separate wolfram and cassiter- 
ite by mechanical methods, and up to very recent times the 
mixed ore was shipped as such. The installation of a magnetic 
separator in Tavoy has resulted in a portion of the mixed con- 
centrates being separated before shipment. The rise in the 
production figures for tin ore during 1917 is partly due to 
this cause. Most of the tin ore raised in Tavoy is sent to the 
Federated Malay States for smelting. 

It is often asserted by mining engineers that the wolfram- 
cassiterite lodes of Tavoy will tend to become richer in cassi- 
terite as greater depths are attained in mining them. There 
however appears to be no evidence which tends to confirm 
it at present. 

DETRiTAii Deposits. — ^The larger proportion of the mixed 
concentrates of Tavoy are won from the detrital deposits of 
the hill-sides during the rainy season. In a country of such 
exceptional denudation it is only natural to expect the veins 
to disintegrate quickly and to shed their metallic contents into 
the soil. True eluvial deposits are found on the hill-sides in 
which the veins crop out, and the minerals are washed out by 
streamlets into the main arteries of siuface drainage during 
rain-storms. Working from these the prospector can locate 
with ease the areas occupied by the mineral-bearing ground, 
which are often of considerable extent, and tend to become 
richer as the parent lodes are approached. Stones and boul- 
ders are very common in these detrital or eluvial deposits and 
often make up a large percentage of the total ground. 

They are exploited by hydraulic methods of various kinds. 
If the location is suitable, water is lead on to the ground by 
ditches or flumes ; after breaking down the ground, the min- 
erals are recovered in tail-races or boxes. Should no natural 
water supply be available, it is often found profitable to raise 
water from a neighbouring stream by aid of pimiping machin- 
ery, or even, in cases of exceptionally rich ground, to excavate 
it by hand and transport it down hiU to a water supply. The 
most efficient and cheapest method of working is to break down 
the deposit by water under high pressure discharged from a 
monitor. Several installations of this type are now at work 
in the district. 
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The amount of cassiterite found in eluvial deposits depends 
to a large extent on two factors : — 

(a) The amount of the mineral present in the neighbouring 
veins. 

(6) The distance of the deposit from the parent veins. 

It will be shown in a later paragraph that wolfram does not 
travel far when compared with tin-stone. 

Placer Deposits. — ^Wolfram is never found in true placer 
deposits, although a contrary opinion has often been advanced. 
It may reach the foot of the hiU-sides where the eluvial depos- 
its of the slopes merge into the water-sorted ground filling the 
vaUey bottoms. When wolfram and cassiterite are broken out 
of a vein by the action of the weather and begin to travel down- 
hill, the wolfram disappears long before its journey is ended, 
whereas the tin-stone continues, and is preserved eventually 
in the alluvial deposits of the valley. The only wolfram ever 
seen in placers occurs tightly enclosed in unfractured quartz 
to which it owes its preservation. Chemical analysis of the 
tin ore obtained by dredging in Tavoy reveals, as a rule, less 
than 0-25 per cent, of WO3, though the detrital deposits of 
the slopes from which the placers are derived would probably 
show more woKram than cassiterite. Wolfram possesses a 
very perfect cleavage, which results in its rapid comminution 
on movement, and the production of a fine-grained form 
eminently suitable for the chemical action of the various sol- 
vents it meets with during its passage through the soU. In 
this respect it resembles molybdenite. The only mineral of 
commercial importance in the placers of Tavoy is cassiterite. 

Recent Deposits of Tavoy District. — Recent deposits 
in Tavoy include the modern alluvium which forms the paddy 
plains, the island of the tidal rivers and the swamps along their 
banks, the modern laterites and lithomarges, the sands of a 
rapidly falling coast and the wolfram and cassiterite-bearing 
detrital deposits of the hiU-sides. In some of the smaller 
valleys, the modern alluvium is being derived partly from a 
re-assortment of the older deposits. 

The sub-recent or late Tertiary deposits are of great extent 
and importance, for it is in them that the richer cassiterite 
placers are likely to occur. They are found as river-terraces 
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raised above the present level of the inland streams ; as lacus- 
trine and fluvio-laoustrine deposits laid down in the still waters 
of the Myitta and other lakes ; as deep eluvio-alluvial beds 
in the submerged basin of Kanbauk and other places ; as clay 
banks containing the remains of marine animals, and now found 
raised above the level of the sea in the vicinity of Tavoy 
estuary. 

There is abundant evidence in the district of widespread 
secular movements, and while the full sequence of these events 
has still to be worked out, evidence is not wanting to show 
that there has been a general depression of the coast-line and 
interior. Both Dr. Brown and Dr. Heron agree that the in- 
terior regions appear to have undergone a more recent uplift 
as well. The deposits of the Kanbauk area were accumulated 
in a rapidly sinking valley which must have stood at a compara- 
tively higher level at one time than it does to-day. The valley 
is narrow and there has been an intermingling of the eluvial 
deposits of the steep hill-sides with the true river alluvium ; as 
a consequence both cassiterite and wolfram are found in them. 

The deposits of the Mjdtta valley must have been laid down 
under fluvio-lacustrine conditions. The changes in the level 
of the land interfered with the drainage of the main branches 
of the Upper Tenasserim, the Kamaimgthwe and the Ban 
Chaung, the flow of these streams was prevented and large 
sheets of water must have slowly accumulated ; deposition 
became the rule where erosion is taking place to-day. At the 
same time the lakes became rapidly filled in with the material 
washed down by innumerable streams from the steep slopes 
surroimding them. Some of these streams drain granite 
country and cross the contact of the granite with the Mergui 
sedimentary rocks. Mineral-bearing veins yielded their metal- 
Uc contents ; the wolfram and molybdenite were dissolved and 
lost ; the resistant cassiterite was carried down and deposited 
in the sands and gravels at the edges of the lakes. To-day the 
streams are cutting into the older deposits owing to recent 
uplift. The Myitta lake is typical of others, though it seems 
to have been the largest one. Similar conditions prevailed 
in the Zimba and other valleys tributary to Tavoy River. 

Along the shores of the old lakes ancient stream tin workings 
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are common, and the single tin dredge which the district 
possesses is operated successfully on a narrow arm of the 
old lake which extended up the present Hindu chaung 
valley. 

Most of the larger streams of the district contain raised 
river terraces. The Pauktaing has them at Thingandon. 
They also occur in the Maungmeshaung, where they yield good 
values, and in the Kalonta, Heinze and Zimba chaungs. The 
Zimba deposits are said to be honeycombed with ancient work- 
ings. 

Around Tavoy itself deposits of the same age are to be seen. 
In the river banks above the town the older clays may be 
observed dipping at low angles below the recent alluvium, 
and aU the deep weUs of the civil station on Tavoy Hill pene- 
trate into a stratum of gravel containing large water-worn 
quartz boulders, a typical sub-recent wash. 

OBIGDf OF THE CaSSITERITE IN THE StJB-REOENT PlACEBS. — 

It has been demonstrated recently that both cassiterite and 
wolfram may exist as original accessory minerals in certain 
Tavoy granites. This is proved by panning large quantities 
of decomposed granite obtained in situ. It is possible then 
to have deposits containing cassiterite and wolfram, without 
the presence of quartz veins, pegmatites or greisens contain- 
ing these minerals. Whether such deposits can be mined 
profitably or not is another question which is now being studied. 
One of the most important stages in the geological history 
of Tavoy was the exposure of the granite intrusions to denu- 
dation by the removal of their sedimentary covering, and the 
active erosion of the granites and their enclosed lodes. It has 
been shown by the Geological Survey of India that the granites 
which are responsible for the mineralization in Tavoy have an 
exceptionally uniform character over great areas. It is also 
believed that they were formed by the same agencies at about 
the same period of time, and the problem of accounting for the 
fact that large expanses of them show no signs of mineraliza- 
tion and contain no quartz veins presents itself. A glance at 
the geological map of the district shows that all producing 
mines of any importance are near a granite contact, that the 
larger mines are located in positions where the granite bands 
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are narrowed, that the biggest of all is situated on a very small 
exposure of its own. 

Tin-dredging and its Prospects. — A cutter and suction 
dredge, owned by Messrs. Booth and Milne, is operated suc- 
cessfully near Taungthonlon, about thirty mUes east of Tavoy 
on the Siam Road. It excavates the old lake deposits which 
are situated below the modern river gravels to a depth of 15 
to 20 feet. Pieces of the old deposits which sometimes come 
through the machine consist of white clay containing a few 
quartz pebbles, and thickly studded with small, rounded 
pieces of black or brown cassiterite and fragments of topaz. 
Most of the ore appears to occur in a clean gravelly wash, 
very amenable to treatment on a dredge of this tjrpe. The 
deposit contains no large boulders and sunken logs are the 
only cause of trouble. They occur infrequently. The ore is 
of unusual purity. Its wolfram content is a mere fraction of 
1 per cent, and is derived from small pieces enclosed in quartz. 
It contains small amounts of ilmenite, garnet and gold. The 
owners hold a lease over a large area of ground, sufficient for 
more extended operations and likely to last for many years 
to come. 

The following is a list of localities which Dr. Brown considers 
well worth prospecting for deposits of alluvial cassiterite : — 

(a) The M5dtta valley, including the basins of the Ban and 
the Kamaungthwe chaungs and their tributaries, 
especially the Heinda, Myekhanbaw and Seinpyon 
chaungs. 

(6) The upper valley of the Kahmaunghla or Maungme- 
shaung. 

(c) The country around Onhbinkwin and the Heinze basin. 

{d) The gravels of the Zimba chaung. 

(e) The alluvial deposits in the upper portion of the Any- 
apya chaung and its tributaries. 

(/) The Thingandon flats of the Pauktaing chaung. 

(g) The placer deposits in the vicinity of the Heinze chaung. 

(A) The alluvial deposits of the Taungbyauk chaung. 

4. Thaton. — ^Thaton is a town in the district of the same 
name lying 12 miles from the Gulf of Martaban and 72 
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miles east of Rangoon. The district produces rice and 
tobacco and has lately been prominent for its gneissose granite 
which was quarried for the Burma Railways Company. 

Tin-bearing gravels have been found quite recently and the 
future prospects are regarded as promising. 

Two concessions have been granted. That to the north 
(Kadeik) is a small but rich alluvial area on which a gravel 
pump on a barge has recently been erected. The southern 
concession is a small patch of eluvial ground in which cassiterite 
is derived from small veins and stringers in the imderlying 
sedimentaries. 

In 1916 the production of tin ore at Thaton was 45 tons ; 
in 1917 it had risen to 84 tons, and in 1918 it fell to 58 
tons valued at nearly £2,900. 

The production of tin in Burma (in some cases including 
the Indian deposits) is shown in the following table from 1898 
to 1918 :— 





Tons. 


CwtB. 


£ 


1898 .... 


39 




2,553 


1899 . 






71 


2 


7,900 


1900 . 






103 


18 


8,534 


1901 . 






69 


15 


7,773 


1902 . 






99 


15 


5,340 


1903 . 






109 


18 


9,153 


1904 . 






70 


14 


8,348 


1905 . 






76 


7 


9,916 


1906 . 






95 


19 


13,799 


1907 . 






79 


4 


11,882 


1908 . 






95 


6 


11,015 


1909 . 






83 


12 


9,645 


1910 1 . 






164 


3 


18,578 


1911 . 






185 


10 


24,931 


1912 . 






375 


7 


50,944 


1913 . 






353 


2 


47,384 


1914 . 






367 


19 


38,203 


1915 . 






659 


4 


54,980 


1916 . 






763 


10 


71,416 


1917 . 






806 


19 


94,495 


1918 . 






881 


1 


134,635 



1 From 1910 onwards the figures include the output from Bengal 
(if any). 
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QoAjmrv and Value of Tin and Tin Oeb fob the Ybabs 1915-18. 

1915. 





Block Tin. 


Tin Obe. 




Quantity. 


Value. 


Quantity. 


Value. 


Bihar and Orissa : 

Hazaribagh .... 
Biirma 

Amherst 

Mergui 

Southern Shan States . 

Tavoy 

Thaton 


Tons Cwt. 
-7 

127 14 
-6 


f 
6 

20,534 
4 


Tons Cwt. 

88 2 

330 14 

12 13 


£ 

8,678 

24,802 

956 


Total 


127 15 


20,544 


431 9 


34,436 



1916. 





Block Tin. 


Tin Okb. 




Quantity. 


Value. 


Quantity. 


Value. 


Burma : 

Amherst 

Mergui 

Southern Shan States . 

Tavoy 

Thaton 


Tons Cwt. 
112 17 


£ 

19,802 




Tons Cwt. 

10 

94 17 

243 2 

82 4 

45 


£ 

16 

10,531 

16,965 

8,192 

3,598 


Total .... 


112 17 


19,802 


465 13 


39,302 
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1917. 



Block Tin. 



Quantity. 



Value. 



Tm Oee. 



Quantity. 



Value. 



Burma i 

Amherst .... 
Mergui .... 
Southern Shan States 

Tavoy 

Thaton .... 

Total .... 



Tons Cwt. 



140 17 



Tona Cwt. 



27,962 



1 

88 

404 

88 

83 



13 
1 

8 

2 

17 



176 

10,930 

40,440 

11,015 

3,972 



140 17 



27,962 



666 1 



66,533 



N.B. — ^The tin ore of the Southern Shan States is produced 
in the form of mixed cassiterite-wolfram concentrates ; the 
output is therefore returned in terms of the mixed concentrate, 
the approximate composition of which is usually 43 per cent, 
wolfram to 57 per cent, cassiterite. The total figiure for 1917 
is 711 tons 19 cwt. ; it has therefore been assumed that 404 
tons 8 cwt. of this represent tin ore, and the remainder wol- 
fram. 



1918. 





Block Tin. 


Tin Obe. 




Quantity. 


Value. 


Quantity. 


Value. 


Burma: 

Amherst 

Mergui 

Southern Shan States . 

Tavoy 

Thaton 


Tona Cwt. 
100 14 


£ 
28,123 


Tona Cwt. 

65 18 

73 11 

380 9 

202 13 

57 17 


£ 

8,767 
12,432 
51,361 
31,056 

2,896 


Total 


100 14 


28,123 


780 7 


106,512 
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Imports or Tin, unwbought (Blocks, Inoots, Babs and Slabs), 
INTO India during the febiod 1915-18 inclusive. 





1916. 


1916. 




Quantity. 


Value. 


Quantity. Value. 


From : — 

U.K 

Straits Settlements (in- 
cluding Labuan) . 
Other Covmtries . 


Tons Cwt. 

136 2 

1,361 14 
23 6 


£ 

23,670 

224,524 
3,883 


Tons Cwt. 

72 15 

1,172 10 
51 5 


£ 

13,839 

211,999 
9.430 


Total 


1,511 2 


262,077 


1,296 10 


235,268 





1917. 


1918. 




Quantity. 


Value. 


Quantity. 


Value. 


From : — 

U.K 

Straits Settlements (in- 
cluding Labuan) . 
Other Countries . 


Tons Cwt. 
46 14 

1,316 19 

46 7 


£ 

10,279 

272,805 
9,051 


Tons Cwt. 
14 9 

1,191 13 
23 14 


£ 

3,993 

323,860 
4,869 


Total 


1,409 


292,136 


1,229 16 


332.722 



The Mixed Wolfram -Cassiterite Concentrates from 

Tavoy 

Of considerable interest is the recent article on the Burma 
tin output which appeared in the Mining Journal of Septem- 
ber 11, and the letter of September 25 from Dr. J. Coggin 
Brown in answer to it. 

The statistics of Tavoy tin are affected in so much as wolfram 
concentrates shipped as such in reahty contain a substantial 
percentage of tin, which percentage is in no way recorded, 
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and would nattirally greatly enlarge the tin output of Tavoy, 

Referring to Coggin Brown's estimate of the composition 
of the concentrates, the following is quoted. " The relative 
proportions of cassiterite and wolfram in the concentrates 
vary a great deal from mine to mine. The tin content in vein 
material is higher in granite veins than those of the sedimentary 
rocks. Concentrates which are practically tin-free only occvix 
in a few cases, and the veins from which they are derived are 
all in argillites or clay slates. Concentrates from surface 
deposits are always richer in tin ore than those from veins. 
The best Tavoy concentrates contain over 70 per cent, of Wos, 
and aU the separated material contains between 65 and 70 
per cent. A calculation based on the probable composition 
of the concentrates produced from fifty mines in 1918 showed 
that as produced the total bulk averaged 65 per cent, of W03 
and 15 per cent, of metallic tin. These mines produced over 
95 per cent, of the district's total in that year." 

In his letter of September 25, Coggin Brown points out 
that in this letter he refers to the mixed wolfram-cassiterite 
ores as produced in Tavoy during 1918, while in the latter half 
of the article of September 11, in the letter from the Secretary 
of the Tavoy Chamber of Mines, the statement is referred to 
as though it applied to the mixed concentrates as exported. 
This, he points out, is not the case, for before shipment a 
certain proportion of the Tavoy ores are dressed by magnetic 
separation. 

The Council of the Tavoy Chamber of Mines consider 12 per 
cent, of metallic tin the correct figure to take as the average 
for the years 1912 to 1919 inclusive, and doubtless have good 
reasons for fixing on this figure. Coggin Brown still adheres 
to his original statement for 1918, but points out that the tin 
content of Tavoy concentrates varies from year to year, and 
that it would be iinsafe to base calculations on any fixed 
factor for the future, as is, indeed, proved by the statement 
of the Council that 1,173 tons of " woKramite " exported during 
the half-year ended June 30, 1920, is a mixed ore carrying 
approximately 30 per cent. tin. 

The following figures are given by the Secretary of the Tavoy 
Chamber of Mines, and afford an interesting comparison : — 
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WotlBAMITI 


. 


Cassiteeite. 




Long 
Tons. 


Bs. 


£ Value. 


Long 
Tons. 


Rb. 


£ Value. 


1908 


nil 






1-5 


2.260-0 


150 


1900 


nil 


— 


— 


0-3 


450-0 


30 


1910 


354-5 


4,26,400 


28,360 


0-3 


450-0 


30 


1911 


1,091-5 


11,90,700 


79,380 


nil 


— 


— 


1912 


1,499-5 


17,99,565 


119,971 


60-35 


1,63,0800 


10,872 


1913 


1,508-7 


19,61,475 


130,765 


63-85 


1,86,761-2 


12,450 


1914 


1,630-8 


22,42,620 


149,508 


35-4 


61,0650 


4,071 


1915 


2,1130 


27,09,531 


246,108 


113-2 


2,53,015-0 


16,861 


1916 


3,034-3 


74,89,175 


511,045 


125-8 


2,25,663-0 


15,582 


1917 


3,697-5 


76,31,906 


524,694 


88-1 


1,65,236-0 


12,400 


1918 


3,6361 


91,62,490 


687,187 


202-6 


4,65,8370 


34,937 


1919 


2,017-0 
20,542-9 


42,57,870 
388,70,732 


372,664 


300-1 


3,87,0730 


33,869 




2,849,482 


991-50 


19,10,880-2 


141,252 



(C) CEYLON 

Cassiterite was in the first instance found in the nambu or 
gem refuse obtained from niriella. Further investigation 
showed that cassiterite occurred in the bed of a small stream 
where gemming had been carried on. The cassiterite was in 
the form of rather small well-rounded or sub-angular frag- 
ments, quite black in colour and showing no trace of crystalline 
form. 

The following analysis of the specimen of nirieUa as given 
by Prof. Dunstan of the Imperial Institute is as follows : — 



Stannic oxide ....... 

Ferric oxide ....... 

Manganous oxide ...... 

Lime ........ 

Insoluble residue, chiefly niobic and tantalic 
oxides ....... 



94-00 
0-86 
003 
0-50 

4-64 

100-03 



In the same year cassiterite was also reported to have been 
found at Hattan, but no specimens reached the Mineralogical 
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Survey. Mr. Coomaraswamy suggests that the cassiterite in 
all cases is derived from isolated exposures or rocks of granitic 
character belonging to the Balangoda Group. 

In 1905 a sample of nambu was obtained from the neighbour- 
hood of Noragala, which contained two small fragments of 
cassiterite ; the occurrence proved to be in the alluvium. 
Various pits were sunk in the locality by the Assistant Director 
of the Mineralogical Survey, but only a very small amount of 
cassiterite was foimd. The distribution of the mineral is 
irregular, and it was considered probable that not more than 
2 or 3 lb. could be obtained from the place. Traces of cassi- 
terite have also been found in nambu from a pit by the Dela 
River. 

No further specimens appear to have been reported in late 
years, and no deposits of economic importance have been 
discovered. The chief reports of the early finds can be found 
in the Imperial Institute Reports on the Results of the Mineral 
Survey of Ceylon : Colonial Reports — ^Miscellaneous, Nos. 37, 
42, 74 and 87. 

(D) HONG-KONG 

In the Kowloon district on the mainland, opposite the island 
of Hong-Kong, there are tin-bearing alluvial deposits, but they 
are of little importance. Just prior to the war steps were being 
taken to work them, and a Company was formed for that 
purpose. A few years ago, however, the local press hinted 
that the deposits were practically useless, and experts were 
summoned from Singapore to give their opinion. It appears 
that their verdict was unfavourable as the Company has since 
gone into liquidation. 

Of far greater importance in Hong-Kong is the Yunnan 
tin-refining industry. There are five refineries which treat 
tin from other parts of China, besides that from Yunnan. 

The imports of tin into Hong-Kong from Yunnan in 1913 
were 6,153 tons, and 6,741 tons in 1914. 
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CHAPTER IV 

AFRICA 
{A) NIGERIA 

INTRODUCTION 

(o) Climate. — (6) Geolooy. — (o) Rivebs. — (d) Roads and Railways. — 
(e) Cdbrenoy, Weights and Measitres. 

THE territory in West Africa comprising Nigeria was 
formerly under separate administrations, but in 1906 
Lagos and Southern Nigeria were united under the name of 
" the Colony and Protectorate of Southern Nigeria," and 
on January 1, 1914, the latter was amalgamated with 
the Protectorate of Northern Nigeria, forming what is now 
" the Colony and Protectorate of Nigeria." The country is 
governed by a Governor-General, and the present seat of the 
Central Government is at Lagos. 

On January 1, 1914, the Executive Council of the 
Colony was made the Executive Council of the Protectorate 
as well, and the Protectorate was divided into two groups 
of provinces, the Northern Provinces and the Southern Pro- 
vinces, each under a Lieutenant-Governor appointed by the 
King and subject to the Governor-General. 

The total area is estimated at 335,000 square mUes, with a 
population of about 18,000,000. Nigeria Ues practically 
wholly in the square formed by the lines of longitude 3° and 
14° E. and latitude 4° and 14° N. It is bounded on the north 
by French West Africa, on the south by the Gulf of Guinea, 
on the east by the French Congo and the Cameroons, and 
on the west by Dahomey. 

155 
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(a) Climate 

The rainfall of Nigeria is very variable, ranging from 26 inches 
in the Northern Provinces to 180 inches or more at the delta. 
In Southern Nigeria the rains get lighter after July ; they are 
preceded by a short season of tornadoes which are usually 
accompanied by thunder and rain. In Northern Nigeria the 
wet season lasts from three to six months, according to the 
latitude, the south-west provinces, the central belt of hiUs, 
the southern margin of the Bauchi Plateau and the Shebshi 
HiUs on the Cameroon frontier being the wettest parts. There 
is also a tornado season, of variable length, both before and 
after the rainy season. The area of greatest rainfall is the 
land about the delta of the Niger, where it varies from 100 to 
180 inches per annum ; the chmate becomes drier as the 
distance from the coast increases, being less than 75 inches 
in the northern part of Southern Nigeria. 

In Southern Nigeria the average mean temperature is about 
78-5° and that of Northern Nigeria is about 80°, but the diurnal 
range is greater than in Southern Nigeria, and increases towards 
the north ; this is due to the less relative humidity of the 
atmosphere and to the absence of forests. During the winter 
months (November to February) a hot, dry wind, known as 
the "Harmattan," blows across Nigeria from the Sahara, 
bringing with it clouds of fine dry dust. 

The climate of Nigeria is very unhealthy for white men ; even 
the interior, which is far better than the hot, moist coastal region, 
is not suitable as a permanent residence for Europeans ; malaria 
is very common, especially near the delta of the Niger, and many 
Europeans die of it or are invahded home. The greatest 
enemy to the white man is not, however, the climate, but the 
mosquitoes ; once they are conquered the rest could be endured. 

(6) Geology 

The fundamental rock of the Colony and Protectorate of 
Nigeria is a crystalline mass of granites, gneisses and schists 
which are exposed over about three-quarters of Nigeria. The 
most extensive occurrence is in the Northern Provinces, where 
they extend from the eastern edge of the Bauchi Plateau, 
over the central belt of hills (where the tin deposits are), to 
about longitude 5° E. 
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Outcrops also occur in Lagos, stretching from Abeokuta 
through Ilorin and Kabba to Borgu, and they also form part 
of the eastern boundary (1914) between Nigeria and the 
Cameroons from the Cross River to Yola. 

Very few of the geological systems are represented. Of the 
secondary group there is only the Cretaceous, and- of the Ter- 
tiary the Eocene, Pliocene, and Pleistocene. The Cretaceous 
system is represented by limestones, sandstones and shales, 
which e.xtend practically parallel to the granites and gneisses 
on the boundary between Nigeria and the Cameroons men- 
tifinetl above. Eocene sandstones, ironstones, clays and 
occasionally lignites occur in Lagos from a point south-east 
of Abeokuta to Asaba on the Niger, while coal and lignite 
outcrop between Abeokuta and Udi. At Asaba the forma- 
tion turns sharply north, following roughly the course of the 
Niger as far as Kontagora, where it thins out, but reappears 
again north of Yelwa and forms the entire nortli-west comer 
of Nigeria. 

Similar deposits occur in Kerri-Kerri, Gombe, Duguri and 
around Yola. 

Pleistocene and recent deposits are found over large areas 
at the Niger delta and stretching from Lake Chad westward 
nearly to Kano. 

The loosely compacted Benin sands and clays are found 
covering the surface to a considerable extent in Lagos, Benin, 
Asaba and Calabar. 

There is much evidence of a considerable amount of former 
vulcanicity on the Bauchi Plateau and in Southern Bomu, 
which two points are now connected by a line of extinct 
volcanoes. The only active volcano is at Buea (Cameroon 
Mountain) on the mainland opposite Fernando Po, which, 
since the armistice, has been included in British territory. 
Numerous puys are foimd on the middle Benue near Awe and 
on the Cameroon frontier in the Shebshi HiUs, where they are 
sometimes capped by basaltic lavas. 

The most recent account of the geology of the tin 
deposits of Northern Nigeria is that by Lush in the Jime 
(1920) number of the Mining Magazine. 
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(c) Rivers 

The Niger is the river of greatest importance in Nigeria ; 
it crosses the frontier into British territory at Tunga, about 
350 miles north of Lagos, and flows approximately south-east 
through Nigeria. It is joined about 250 miles from its mouth 
by the Benue, a large river rising in the Cameroons, and crossing 
the frontier into Nigeria at Tepe. The Niger is navigable as 
far as Jebba, and the Benue and many of its tributaries are, 
during the wet season, navigable for the whole of their length 
within British territory ; during the dry season, however, 
only very shallow-draught steamers can go up the Niger, and 
only vessels drawing less than 2| feet can navigate the Benue 
as far as the (1914) German frontier. 

The Kaduna, a far less important tributary of the Niger 
than the Benue, is navigable as far as Wushishi. 

The height of the rivers varies a great deal with the season, 
the Niger sometimes rising 35 feet above low water level and 
the Benue sometimes as much as 75 feet. 

From the point of view of communication this river system 
is by far the most important in Nigeria ; although the Cross 
River in the south-east corner of Nigeria carries a large amount 
of trade to Calabar, and in the wet seasons is navigable to the 
(1914) German frontier. The rivers flowing south into the 
sea, those flowing north into Lake Chad, and the smaller 
tributaries of the Niger, become very low or even dry up 
entirely diu-ing the dry season. 

The mouth of the Niger forms a delta, which extends about 
120 miles along the coast, and is crossed by a network of 
streams. The most important of the mouths of the Niger is 
the Forcados, which has a safe bar about 18 feet in depth. 

(d) Roads and Railways 

The rivers are the chief means of communication in Nigeria, 
the railways being at present inadequate for the needs of the 
country. There are, however, many well-made roads, some 
of which are maintained by the PubUc Works Department 
and some by the native chiefs ; the centre of development is 
Southern Nigeria. Horses can be used in some parts, but 
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the tsetse fly often makes this impossible and porters have 
to be employed. An attempt will probably be made to 
establish motor transport from Kano to Katsena, 95 miles 
away, where a metalled road has been Ijuilt. 

A 3-feet 6-inch gauge railway runs from the Port of Lagos 
to Jcbba, the highest point at which the Niger is navigable, 
and from thence to Kano, a town about 60 miles from the 
northern frontier. A branch line from Baro, on the Niger, 
joins the railway a little way beyond Zungeru, and a second 
branch runs south-east from Zaria to the tin-fields at Bukuru. 
A line is imder construction from Port Harcourt, a new port 
built on the recently discovered natural harbour some 20 miles 
up the mouth of the Bonny River, to the Udi coal-fields, a 
distance of 151 mUes, thence to the Benue River and along 
the edge of the Bauchi Plateau to join the existing system at 
Kaduna ; the war postponed the building of the Une beyond 
tho coalfields. 

(e) Currency, Weights and Measures 

A special silver coinage was introduced in 1913, the denomi- 
nations being 2s., Is., 6d. and 3d., of the same size, weight 
and fineness as the corresponding coins of the United Kingdom. 
A nickel coinage (Id. and a tenth of Id.) is also in use ; local 
currency notes of 20s., 10s., 2s., Is., 6d., and 3d. value were 
introduced in 1916. Cowries are still occasionally used, their 
value being 3d. for 1,000, and along the coast accounts are some- 
times kept in gallons of palm-oil. 

Banking is in the hands of the Bank of British West Africa 
and the Colonial Bank. 

HISTORICAL SKETCH 

Tin-mining in Nigeria only dates back to 1884, when Sir 
WiUiam Wallace, the (then) acting Governor of Northern 
Nigeria, discovered that tin was being produced by the natives 
of the Bauchi Plateau. A party was accordingly dispatched 
to Naraguta which returned with 28 lb. of tin sands, which 
wcrt the first ever seen by Europeans. 

Following on this discovery the Niger Company took out 
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a prospecting licence covering an area of over 1,000 square 
miles. The first expedition to explore the reported tin areas 
was that under the command of Mr. George Macdonald. It 
reached the Nigerian coast at Forcados early in 1902, and 
proceeded inland towards the Bauchi province. The river- 
beds north of Keffi were reached after a long and eventful 
journey of two months, and the alluvium was found to contain 
60 to 70 per cent, of tin. 

Before the end of the year the " Minerals Proclamation " 
was issued and two licences were granted which together 
covered nearly 4,000 square miles. To-day this is divided 
up amongst some seventy companies, representing a capital 
of over £4,000,000. 

In 1902-3 the Niger Company, under the direction of 
Mr. Laws, surveyed the country to the east of the Niger, and 
tin was found in the Bauchi province near Naraguta and 
Badiko. It was discovered that native smelting from the 
alluvial deposits had been carried on for a long time previously, 
but it was difficult to say for how many years. As a result 
of this survey, the Niger Company apphed in 1905 for a number 
of mining leases. Although at first a certain amount of 
difficulty was experienced owing to the uneven supply of 
water, good work was accomplished, and an average of one 
ton of black tin was won per diem. 

The Niger Company treated alluvial deposits in the native 
fashion, wMch has been described by Nicolas as follows : — 

The washers, usually working in gangs of three or four, 
wade into the river, tributary, creeks or guUeys generally at 
or near some shallow rapids, and loosen the gravel under 
water with a short hoe-hke implement, and scoop it into large 
calabashes, about 18 inches to 24 inches in diameter ; as soon 
as sufficient gravel is collected (about 30 lb.), it is washed, 
and the resulting rough concentrate placed in a smaller cala- 
bash, 6 to 8 inches in diameter, and thoroughly cleansed, nearly 
aU the fine tin- stone being lost. The resulting "black tin," 
containing the equivalent of from 60 per cent, to 65 per cent, 
metal, is sun-dried and packed in boxes and skins for transport 
to the floating furnaces. 

By these methods the Company secured over 1,000 tons of 
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black tin. In England, Nigeria was still looked upon as the 
" White Man's Grave," and although the reports of the pro- 
gress made in the tin-fields were unquestionably good, the 
public was slow in taking advantage of the situation. 

However, the existence of Nigerian tin was officially recog- 
nized in the Colonial Report on Northern Nigeria for 1905, 
and in the following year the first report on the results of the 
mineral survey of Northern Nigeria was published. The Niger 
Company continued its work in the Bauchi Plateau, and the 
mineral survey under the general supervision of the Director 
of the Imperial Institute continued in its efforts to prove to 
what extent the granites of the country were stanniferous. 
Very little headway, however, was made with regard to pros- 
pectors and capitalists, who still shunned the remoteness and 
inaccessibility of the Protectorate. This state of affairs would, 
in all probability, have continued had not an accident happened 
in 1909, which diverted capital into the new tin- field. 

" The Champion Gold Reefs of West Africa " Company, 
disappointed with its properties in the Gold Coast, turned its 
attention to Nigerian tin. Investigations proved satisfactory, 
and in 1909 it became the " Tin Fields of Northern Nigeria, 
Ltd." Before the end of February, 1910, four more companies 
had been formed to exploit the Bauchi tin, and from that 
time more and more prospectors were attracted to the new 
tin- fields. 

The climate and food supply of Bauchi were both good, 
and matters would have progressed at a great rate had it 
not been for one thing — ^the lack of railways. 

In 1909 the railway from Lagos had only been built as 
far as Jebba and so was of no assistance to the tin prospector. 
The usual route from Forcados was up the Niger to Lokoja 
and up the Benue to Loko, which was the nearest point on 
the river to the tin-field and about 150 miles south-west of 
Naraguta. At the time this was the quickest and cheapest 
route and was the one which the natives used for conveying 
the tin to the coast. 

In 1907 the Governor, Sir Percy Girouard, recommended the 
construction of a 3-feet 6-inch gauge railway from Baro, on 
the Niger, to Kano. The building of this railway was sanc- 

M 
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tioned and work commenced in August of the same year. This 
was a step in the right direction, but it was not suificient to 
affect the Bauchi district to any great extent, and in 1909 
the proposition of a railway connecting the plateau with the 
new Baro-Kano line was put forward. The Government of 
Nigeria had already too much in hand, for there a connexion 
from Zungeru to the new Baro-Kano line was also to be estab- 
lished. Thus, the journey from Lagos to Bauchi could be 
made in four days instead of about twenty. It was at first 
thought that a good road from Zaria to Naraguta would meet 
the needs of the miners, but the ever-increasing success of 
the mines warranted the construction of a railway rather than 
a road. The question was long under consideration at the 
Colonial Office, and finally, early in 1911, the Treasury announced 
that £200,000 was to be set apart for the construction of this 
railway. Thus, the importance of the Nigerian tin-fields was 
officially recognized. In October of the same year the Baro- 
Kano railway was completed, and over forty miles of earth- 
works on the Bauchi extension were finished. 

NATURE OF THE DEPOSITS 

Although nearly all the tin is derived from alluvial deposits, 
it occurs both in lodes and placers. Owing to difference in 
the mineral content of placers and lodes it is difficult to deter- 
mine for certain the original habitat of the tin. The alluvial 
deposits are found in close association with masses of alkaline 
granite which have been thrust into the surrounding gneisses 
and schists. 

In the neighbourhood of Nassarawa there is a pegmatite 
lode which is described in a special section devoted to that 
district further on. It appears that the granite of the Bauchi 
Plateau was decomposed to great depth in former time, when 
the climate was very different from what it is now and when 
the present plateau was of equal level with the Zaria Plain. 
Then came the formation of the plateau and the consequent 
disintegration of the decomposed granite, which was washed 
away from the higher groimd, spreading over the plateau as 
detrital and eluvial deposits. 

With regard to alluvial deposits, the most important ques- 
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tion is the length of their life. It has been thought that in 
Nigeria it is very short, but recently the discovery of deep 
ground in old river-beds has lengthened the prospective life 
of the alluvial workings. 

Dr. Falkner, the Government geologist, considers that the 
description of working the alluvial tin properties of Northern 
Nigeria (Bauchi Tin Mines, Ltd. ) given by Mr. A. R. Canning 
in the Mining Magazine of April, 1918, can be taken as a fairly 
correct example of every similar alluvial deposit throughout 
the plateau. 

Extractions from this article are therefore given here. Mr. 
Canning states that, generally speaking, the tin occurs in river 
or stream-beds or under the containing banks, but within the 
last few years the most important deposits discovered have 
been at considerable distances from the present rivers. It is 
to be noted that tin in Northern Nigeria, when found in the 
banks or away from the stream, Mes in a gravel wash on or 
near the granite bedrock and covered by practically barren 
overburden. In this it differs from the Tasmanian deposits. 
For the most part the overlying ground is composed of a red 
soil or clay which during the long dry season becomes exces- 
sively hard. The tin, finding its way into the streams, is 
disseminated very finely through the granite of certain of 
the neighbouring hills, or, in other words, it exists in the lines 
of cleavage in the rock. 

In describing the methods of working, Mr. Canning divides 
the coiu"se of the streams into three sections, the Upper, Middle, 
and Lower. In each the conditions vary, and consequently 
a different system of working obtains. 

In the Upper Section the stream-beds are for the most part 
laid bare by the floods during the rainy seasons, and only in 
the natural riffles or pools formed by the varying hardness 
of the rock is the tin deposited. The tin areas are small, and 
for this reason native tributers work these sections for tin and 
sell it to the Company. It is won by calabashing the deposit 
in the stream-bed or when the banks are being worked after 
the native has removed the overburden by digging down to 
the rock below. This method, however, is for many reasons 
bad, and although the tributer is an excellent prospector, his 
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days are numbered on the Nigerian tin-fields. The price paid 
over the plateau to the native tributer for clean concentrate 
has ranged from a penny to fourpence per pound. 

The Middle Section comprises the deposits after the streams 
have dropped from the higher ground. In this section tin 
is found at a depth of ten to thirty feet and occasionally more. 
Two systems of working are here employed. The first is the 
stripping off of the barren overburden, with the help of water, 
while the streams are full. The tin is then recovered during 
the remainder of the year, either by ground-sluicing or by 
carrying-out and boxing. The second method is only under- 
taken when the ground is water-logged or where a few feet 
at the top can be removed by stripping, owing to the wide 
bars of hard rock holding back the water. 

Centrifugal gravel pumps are used, the banks broken down 
and disintegrated with monitors, and the soil, gravel and water 
flow through races cut in the soft bedrock to a sump from 
which the pump picks them up. The motive power for these 
pumps is usually supphed by an oil-engine. By means of 
damaging the higher ground, races and pipe fines, the necessary 
water and pressure for the monitor is foimd. 

No two streams are afike and the working has to be adapted 
to suit the conditions. 

In the Lower Section there was no tin at first found and it 
was doubted whether the tin was carried down so far. Numer- 
ous bore-holes were sunk but the results were disappointing. 
At Mr. Canning's instructions the flats lying back from the 
high banks were bored and tin was almost at once located 
1,000 feet away from the present river-bed. Operations were 
continued in the dry season of 1916-17, and the following system 
was adopted. A base fine rimning east and west down about 
a mile of the length of the flats was marked off with offsets 
north and south from this for 100 feet. Along these 
offsets and at the point of departure from the base fine bore- 
holes were put down again so that a chess- board appearance 
resulted. In this way a length of 3,400 feet, varying from 
200 to 700 feet wide, was proved payable. 
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PROSPECTING 

The following notes on prospecting for alluvial tin in Nigeria 
have been chiefly extracted from Mr. Paterson's article in the 
Mining Magazine for 1915. 

The first ttep is to get a smattering of the Hausa 
language and secure servants. A new concentrate should 
not be tnisted to the process of vanning, but when the value 
justifies it should be checked by wet assay. 

After obtaining a general prospecting licence, the prospector 
may examine all the areas open for prospecting at the time, 
and has the advantages enumerated in the Mines Proclamation 
of 1913. 

Alluvial prospecting may be divided into two distinct 
stages : — 

(1) Finding sufficient indications of profitable ground to 
justify taking out an exclusive prospecting licence. 

(2) Proving the pegged area with a view to a definite esti- 
mation of its profitable contents, and to the pegging of 
the mining lease. 

As a rule, unless the river channels contain rich concentrates, 
the adjacent alluvial banks and flats which have been deposited 
by means of the channel will not be profitable to work. In 
Nassarawa, however, the profitable deposits are greisen in 
places on a hill-side, while the stream-beds are unprofitable 
but the deposits are not alluvial. Nevertheless, the prospector 
must be aware of similar occurrences. The prospector 
therefore centres his attention on the beds of the rivers and 
streams. The work is done best in the dry season, and as 
soon as he spots any likely groxmd, he pegs it out at once before 
his rival gets it. The presence of large botilders prevents the 
use of bore-holes imder any circumstances. 

The labourers which he takes with him should vary from 
twenty to forty, and should preferably be Hausa or Beri-Beris. 
It is well to appoint one or two headmen, who should be 
carefidly chosen, as on them depends the working ability of 
his gang. As regards the tools, the picks should be large and 
the shovek all steel, as the negroes are sure to break all the 



166 TIN RESOURCES OF THE BRITISH EMPIRE 

wooden handles. The cutlasses should be of heavy pattern 
with the edge on the convex side, and a good handle. Cala- 
bashes should be bought at about the new year, when they 
cost only 6d. each. Two sets of weights are required ; that 
for weighing concentrate should include 1 lb. to 0001 lb. 
weight, while the other set would include 100 grains down to 
1 grain. 

Every stream must be tested by calabashing, and if results 
are good a rough estimate made of the value of black tin per 
cubic yard. The weight of a cubic yard of gravel wiU be from 
3,000 to 4,000 lb. From these data, the weight of concentrate 
obtained and the percentage of black tin, can be calculated 
the value of the gravel in terms of black tin per cubic yard. 
By black tin is meant clean concentrate containing 70 per 
cent, metal. Thus, a calabash concentrate assaying 35 per 
cent, would concentrate 60 per cent, black tin. When good 
yields are obtained they should be followed up stream rather 
than down stream. In fact, in the Bauchi Plateau the source 
of the tin seems to be in the highlands where the streams have 
their sources. The prospectors should therefore, if possible, 
start work at or within a few miles of their sources. They 
should also keep a sharp look-out for siuiace indications 
away from any stream. Several old alluvial deposits, and 
also valuable detrital deposits have been foimd. On taking 
up an Exclusive Prospective Licence, a prospector will make 
notes as to available water power, labour and fuel supplies, 
etc. 

The next step is to make a detailed examination of the 
pegged areas and see which require a mining lease. Where 
possible, smaU paddocks should be completely excavated to bed- 
rock, and all the gravel calabashed, or preferably sluiced. If 
paddocking is impossible the bucket method should be employed. 
The next step is to prove alluvial facts through which the 
stream passes, and the benches, terraces, and the old river 
channels within the Exclusive Prospecting Licence. The three 
methods of proving these areas are pitting, drilling and trench- 
ing. The special conditions encountered will suggest which 
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of these methods is best in each particular case. A 4i-inch 
Banka or Empire drill is generally used. Drill labourers are paid 
from lOd. to la. a day, according to their efficiency, the headman 
receiving la. 3d. It has, however, been shown that although 
any ordinary groimd drilling is cheapest, it gives much less 
accurate results than pitting, where the depth does not exceed 
20 to 25 feet. Pitting, then, should be adopted unless the 
ground is water-logged or the depth exceeds 25 feet. The 
depth of gravel in Northern Nigeria varies from 5 to 60 feet, 
but on the average property the depth will not often exceed 
25 feet. The prospector will require from forty to sixty 
labourers for pitting, and gangs should be as large as possible. 
It has been suggested that it is best to pay the headman of a 
gang of twenty labourers, 7s. Qd. per week. Out of a gang of 
fifteen labourers, 7s. per week, adding 3d. per week for each 
five men in excess of twenty, and not allowing any headman 
to have less than fifteen labourers. 

With regard to spacing of pits and bore-holes, it is generally 
agreed that pits shall be placed along lines running at right 
angles to the general trend of the flat being tested, and the 
distance between such lines should be considerable as compared 
with the distance between holes along the lines. As a general 
rule, a flat of 150 to 300 acres will not require more than 300 
pits or bore-holes ; if the first line of holes shows nothing, 
the next line may be from 300 to 900 feet away, dependent 
on the length of the flat. On the other hand, if profitable 
ground is foimd, the fines may be closed to 200 or even 66 feet. 
One object of placing holes may be to ascertain the contour 
of the bedrock, with a view to the practicability of trenching, 
in which case holes may be spaced as close as 20 feet in 
places. 

As regards the various fees levied, the following are included 
in the 1916 "General Minerals Regulations " : — 



£ s. d. 
Fee for a Prospecting Right . . . .500 

Rent, by the holder of an Exclusive Prospecting 
licence for every square mile or part thereof 
of the area included in the licence, per annum 5 
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£ a. d. 

Rent, by the holder of a mining loase, for every 
hiindred yards or part thereof along the course 
of the stream in respect of which the mining 
right is granted, per annmn . . .10 

Rent, by the lessee of a mining lease of Class A 
(which confers upon the lessee the right to 
mine and to dispose of the minerals specified 
therein whether lode or alluvial), per acre or 
part thereof 10 

Rent, by the lessee of a mining lease of Class B 
(which confers the right to mine and to dispose 
of the alluvial minerals specified therein), 
per acre or part thereof . . . .050 

The grant of an Exclusive Prospecting Licence is subject 
to a prior survey of the area applied for, for which is 
charged : — 

£ s. d. 
A preliminary fee to cover cost of transport of 

survey party, etc., of . . . . 15 

A fee for the survey of a boundary, per mile or 
part thereof : — 
In level or undulating country . . .330 

In rough country . . . . . .550 

Four copies of the plan are supplied free, but a charge is 
made for extra copies. The grant of a mining lease is also 
subject to a prior survey, for which is charged : — 

£ a. d. 
A preliminary fee (as above) of . . . 15 

A fee per acre or part thereof of (minimum charge 

£10) . . . . . . . .026 

A fee for fixing the position of each mark or beacon 

of 5 

DISTRIBUTION AND DESCRIPTION OP THE 
MINES 

According to the Annual Report of the Mines Department 
for 1917, there were eighty Mining Companies, Syndicates 
and Individuals who held titles, of whom sixty-seven won 
and exported tin ore and three operated on gold. Of these 
Companies foiu:teen had suspended or ceased operations at 
the end of the year. The total area of ground alienated to 
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Mining Companies on December 31, 1917, was 194,212483 
acres and 398,419 yards of Bights and Stream Mining Leases, 
made up as follows : — 

362 Alluvial Mining Leases, 79,920-615 acres. 
2 Lode Mining Leases, 56-988 acres. 
46 Exclusive Prospecting Licences, 178-492 square miles, 

or 114,234-88 acres. 
7 Stream Mining Leases (calculated on their rent as equal 
to) 436 acres. 
297 Mining Rights (calculated on their rent as equal to) 

15,500 acres. 
Total, 210,148-483 acres. 

There were seventy-five Prospecting Rights issued during 
the year. 

The following table shows the area of land given out in 
each province : — 
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6 
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6 
16 

12 


277,223 

56,410 

8,000 

25,260 

__ 

20,660 


41 
2 
3 


152-39 
12-56 
13-53 



From the above table it is obvious that by far the greater 
number of mines are in the Bauchi Plateau. This plateau is 
between 3,000 and 4,000 feet above sea level and is very well 
watered. The climate has been compared to that of Rhodesia, 
and is in sharp contrast with the swampy lowlands of the 
Nigerian Coast. 

The following is a fairly complete list of Nigerian Tin Mining 
Companies, with details of the properties and winnings : — 
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Abu Tin Co., Ltd. . . . 


407-889 






45-368 


Anglo-Continental Mines Co., 










Ltd 


1,483-060 


15-908 


16,630 


271-450 


Benue (N.N.) Tin Mines, Ltd. . 


733-510 


— 


2,000 


229-750 


Berrida (N.) Tin Fields, Ltd.. 


— 


— 


2,900 


3-250 


Bisichi Tin Mines (N.), Ltd. . 


2,520-00 


— 


4,600 


275-844 


B.K.S.W. Syndicate, Ltd. . 


47415 


11-360 


— 


115-374 


Bongwelli (N.) Tin Syndicate, 










Ltd. 


800 00 


— 


5,280 


22-794 


Vicars W. Boyle .... 


• — . 


— 


15,840 


18-998 


S. F. Cook 


— 


— 


4,900 


13-500 


Damo (N.) Tin Co., Ltd. . . 


307-95 


— 


6,700 


9-466 


A. A. Davidson 


29-44 


6-682 


■ — 


1-781 


Dua (N.) Tin Fields, Ltd. . 


526-60 


— 


— 


19-997 


A. C. Duncan 


— 


— 


8,800 


9-000 


Ex-Lands (Nigeria) Ltd. . 


4,949-70 


— 


— 


388-860 


Filani (N.) Tin Mining Co., Ltd. 


774-19 


— 


300 


49-281 


Forum River (N.) Tin Co., Ltd. 


2,193-75 


— 


1,760 


319-000 


Gold Coast Consolidated Lands, 










Ltd 


597-21 


4-029 


11,773 


23-067 


A. Goldwater 


— 


— 


1,760 


-500 


Giu-um River (N.) Tin Mines, 










Ltd 


1,291-00 


— 


3,408 


82-539 


Hausa Nigeria, Ltd. 


185-83 


— 


— 


— 


F. Hawkes 


— 


1-070 


13,760\ 
4,360/ 


90-000 


H. & F. Hawkes . . 


247-23 


— 


H. Lancaster Hobbs . 


249-76 


— 


— 


-097 


H.W.E. Syndicate, Ltd. . . 


— 


— 


10,030 


1-750 


L. H. L. Huddart (the late). 


— 


— 


1,760 


4-200 


Jantar Nigeria Co., Ltd. . 


1,998-116 


— 


2,536 


236-500 


Jos Tin Area (N.), Ltd. . . 


1,429-67 


— 


2,000 


321-692 




1,466-19 


2-192 


12,386 


220-906 


Kano (N.) Tin Areas . . . 


739-15 


— 


— 


21-049 


Kassa Ropp Tin Co. . 


— 


2-023 


— 


— 


Keffi Tin Co., Ltd. . . . 


293-99 


— 


2,860 


92-225 


Kuskie (N.) Tin Fields, Ltd.. 


1,272-27 


— 


— 


29-179 


Kwall Tin Fields of Nigeria, 










Ltd 


994-270 


19-499 


■ — 


82-000 


Lafon River Tin Areas, Ltd.. 


1,171-860 


— 


— 


17-499 


Lower Bisichi (N.) Tin Mines, 










Ltd 


785-080 


— 


3,100 


60-469 


L.P.R. Syndicate, Ltd. . . 


— 


37-640 


— 


— 


Lucky Chance Mines, Ltd. 


1,666-47 


— 


1,700 


106-977 


W. Mertens & Co., Ltd. . . 


3,203-49 


— 


— ' 
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J. H. Marshall 






2,067 


-758 


Minna (N.) Tin Co. (1914), Ltd. 


106-92 


— 


6,560 


56-250 


Mongu (N.) Tin Mines, Ltd. . 


2,654-81 


4-074 


10,400 


571040 


Naraguta Extended (N.) Tin 










Mines, Ltd 


2,707-37 


— 


1,760 


330-750 


Naraguta (N.) Tin Mines, Ltd. 


9,257-66 


8-710 


37,927 


508-572 


New Lafon Tin Fields, Ltd. . 


1,074-99 


2-815 


— 


62-089 


Niger Company, Ltd. . 


3,270-773 


38-918 


35,927 


307-004 


Nigerian Stannaries, Ltd. 


218-00 


— 


— 


12-150 


Nigerian Tin Corporation, Ltd. 


619-39 


1-000 


34,480 


139-641 


Nigerian Proprietary, Ltd. . 


— 


— 


1,760 


— 


Ninghi (N.) Tin Co., Ltd. . 


1,714-952 


— 


9,920 


169000 


Northern Nigeria (Bauchi) Tin 










Mines, Ltd 


6,956-31 


— 


5,711 


549-657 


Northern Nigeria Trust, Ltd. . 


— 


— 


3,520 


13-621 


N.T. Syndicate, Ltd. . . . 


272-00 


— 


— 


7-219 


N. W. O'Dwyer .... 


— 


— 


1,760 


4-965 


Offin River Gold Estates, Ltd. 


591-58 


1-770 


6,273 


165-698 


Rafin Pa (N.) Tin Co., Ltd.. 


1,055-60 


— 


8,000 


28-992 


Rayfield (N.) Tin Field, Ltd.. 


5,769-504 


4-402 


— 


675-000 


A. D. Robinson .... 


— 


— 


5,000 


67-856 


Ropp Tin, Ltd 


2,837-46 


— 


10,640 


636-666 


Rukuba (N.) Tin Mining Co., 










Ltd 


784-50 


— 


3,240 


99-633 


R. C. Slimmand 


— 


— 


8,500 


9-417 


South Bukeru (N.) Tin Co., 










Ltd 


1,401-829 


— 


— 


175-000 


Sybu Syndicate, Ltd. . 


114-80 


— 


— 


47-900 


Tafchin Amalgamated Syndi- 










cate, Ltd 


— 


— 


1,760 


15-116 


R. Grylls Thomas (the late) . 


— 


— 


1,760 


1-531 


Tin & Trading Co. of Nigeria, 










Ltd 


— 


11-500 


— 


— 


Tin Areas of Nigeria, Ltd. . 


2,321-59 


— 


7,021 


141-841 


Tin Fields of Northern Nigeria, 










Ltd 


59400 


— 


17,940 


115-216 


Toro Tin Co., Ltd. . . . 


446-41 


4-900 


— 


18-669 


W. S. Tyler 


— 


— 


1,000 


— 


Sir W. WaUacB (the late) . 


378-02 


— 


— 


20-285 


Dame C. B. WaUace . . . 


222-01 


— 


— 


— 


West African Mines, Ltd. 


1,199-60 


— 


2,233 


79-368 


P. WiUiams 


— 


— 


10,697 


31-340 


Zuma Tin Areas, Ltd. 


637-00 


^~- 


10,760 


32-605 
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The following further details are given concerning the most 
important mines in the above list : — 

The Anglo -Continental Mines Company 

In 1916 this Company was paying most attention to its 
Gora River property, which consists of 7^ miles held mider 
exclusive prospecting licences, and 1,075 acres held under 
mining leases. About 158 tons of tin concentrates were won 
during 1915, since which time there has been a distinct increase 
in output. The returns are always less from April to October, 
as during those months the rainy season lasts and the Gora 
River property is a dry season proposition. In 1917 the 
principal operations were in the Ribbon Valley and near Taf- 
chin. In that year their output amounted to 271-450 tons, 
which was a slight decrease on that of 1916. 

The Benue (Northern Nigeria) Tin Mines, Ltd. 

This Company has been steadily increasing its output for 
some time, and the production for 1917, which was 229-75 
tons, was double that of 1916. Their operations are confined 
to the neighbourhood of Leri-n-Duchi in Zaria province. 

Bisichi Tin Company (Nigeria, Ltd.) 

The property owned by this Company is about 12 miles 
south-east of Jos. In 1916, 473 tons were won, but in the 
next year it had dropped to nearly half that amount. 

Now that labour conditions are improved, it is understood 
that a large amount of development work has been carried 
out and that the future output will be large. 

Ex-Lands (Nigeria) Ltd. 

The operations of this Company are chiefly confined to the 
district around Dress and Gnar to the south of Sho ; the 1917 
output was 388-86 tons. 

Forum River (Nigeria Tin Company, Ltd.) 

The average output of this Company for the last few years 
has been slightly over 300 tons. Besides their property on 
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the Forum River might be mentioned that on Du Stream, where 
they own areas of considerable extent. Water rights have 
lately been obtained from the Grovemment which should be 
of the greatest assistance in opening up the Du property. 

The Jantar (Nigeria Co., Ltd.) 

Until recently Jos has been the centre of activity of this 
Company, but they have lately acquired rights on the Delimi 
River, north of Naraguta. 

The 1917 output was 236-5 tons, a decrease of about 50 tons 
on 1916. 

Jos Tin Area (Nigeria, Ltd.) 

The output of this Company averages about 320 tons yearly, 
the greater part of which is won by ground sluicing and the 
remainder by the dredge, about which more is said elsewhere. 

Kaduna Syndicate, Ltd. 

The properties consist of large areas aroimd Werran, Arimm, 
whence they extend south nearly as far as Sho. The average 
output for 1916 and 1917 was 220 tons. 

Excellent results are still obtained from their up-to-date 
dressing plant. 

The Mongu (Nigeria Tin Areas, Ltd.) 

The Company was floated in 1914 by the Anglo -Continental 
Mines. Its rights extend over 32 square miles in the Ropp 
district. The only methods formerly employed were sluicing 
and calabashing, but recently a steam-driven bucket dredge 
has been in use. The production of this Company is now the 
third largest of the field, and in 1916 and 1917 was roughly 
570 tons. 

Naraguta Extended (Nigeria Tin Mines, Ltd.) 

The property, consisting of 2,700 acres, is held under mining 
leases as weU as a large area held under exclusive prospecting 
licences. Operations are carried on in the valley of the Delimi 
River. 
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The Company is winning tin by hydraulic sluicing and cala- 
bashing. The output in 1912 was 179 tons, which amount had 
risen in 1917 to over 330, though this total was somewhat 
less than the previous year. 



Naraguta (Nigeria Tin Mines, Ltd.) 

This Company is among the most important of Nigeria, and 
its properties contain some of the richest alluvial tin deposits 
in the country. 

The original area of the property was about 5 square miles, 
but just previous to the war it had a total area of lOli square 
miles, most of which is held under exclusive hcences. 

Both sluicing, hydraulicing and calabashing are employed, 
and as the property includes dry and wet season propositions, 
the output throughout the year is fairly steady. 

The production is the fifth largest in Nigeria, being 508-572 
tons in 1917. 

Nigerian Tin Corporation 

This Company, besides being a tin-producing concern, is 
also a Finance Company, which was formed in 1909. It has 
substantial holdings in over half a dozen Nigerian mining com- 
panies. Its properties consist of alluvial mining leases over 
1,842 acres in extent, with 8,280 yards of stream mining leases 
in the Bauchi, Zaria and Kano districts. It also owns 32 square 
miles in the Ninkada district, and exclusive prospecting licences 
in the Aribi district, extending for over 22 miles. Applications 
have also been made for further areas. 



Northern Nigeria (Bauchi) Tin Mines, Ltd. 

This is the fourth largest Company in Nigeria. The chief 
properties are situated aroimd Bukuru. 

Arrangements have recently been made with the Government 
for the use of the Kwall Falls. 

In 1916 the output was about 579 tons, and in 1917 it fell 
to 549-657 tons. 
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Rayfield (Nigeria) Tin Fields, Ltd. 

This is the largest producing Company in the country. 
Its properties consist of the Top, Shen and Delimi areas. 

The Top properties consist of a mining lease of 1,273 acres, 
with three exclusive prospecting licences over an area of 
about 3 square miles ; the Shen property covers an area of 
about 12 square miles, of which 1,927 acres are held under 
mining lease ; the Delimi River property is 2^ square miles, 
with 256^ acres under mining lease. Up to the end of 1915, 
2,928 feet of bores were simk with satisfactory results. The 
tin won from the ground since worked, however, shows better 
value than those of the bore-holes. This fact is due to the 
discovery of numerous pockets dviring the operations. 

All the properties are traversed by numerous streams, and 
much work has been done in the construction of dams, leats, 
reservoirs, etc. Sluicing, with the aid of bucket elevators 
and gravel pumps operated by internal combustion engines 
with oil as the motive power, are employed. Oil is, of course, 
scarce, and, as in the case of many other companies, the " Ray- 
field " is hoping that the line from the Udi coalfields will be 
continued towards the Bauchi Plateau, so that the companies 
need be no longer dependent on oil for their machinery. Once 
this railway is laid, machinery wiU be introduced for the 
removal of the overburden. At present this is done by manual 
labour, which, of course, means extra expense. The annual 
output of this Company is about 600 tons, their output for 

1917 being 675 tons. 

Ropp Tin, Ltd. 

This Company is the second largest in Nigeria, the output 
for 1917 being 636'566 tons of tin ore. At the beginning of 

1918 they had two electrically-driven dredges at work, and 
by this time it is probable that aU the smaller adjustments 
are complete, and the 1919 output should be very large. 
Their central power plant, dredges, dressing plant, and work- 
shops is by far the most important mine installation in the 
country. 
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Further details regarding indi\ddual companieB will be 
found in the Indices of the current London financial papers 
and the latest edition of the Mining Manmd. 

LABOUll, WAGES AND HOUSING 

Owing to the war, native labour has been greatly reduced, 
and during the period immediately following the outbreak of 
hostihties the scarcity of labour was getting very serious, but 
by the end of 1916 matters had improved, and at the present 
time a normal state of things has been restored. 

The scarcity of labour in the early years of the war caused 
competition to arise between the different companies, some 
of which offered higher wages than the recognized standard. 
With the better labour conditions, however, the question has 
been dealt with by the Nigerian Chamber of Mines, and the 
situation has been improved. The native labourer is, at all 
times, a most unreliable person, for, as wiU be shown when 
discussing the question of housing, he only needs a promise 
of a higher wage, however small, from a neighbouring company, 
and off he goes. If a friend of his has told him that he will 
probably get a higher wage at such and such a company, 
that is sufficient to make him leave his present job. 

The following table shows the division of European and 
native labour from 1911 to 1917 inclusive : — 



Average European 

labour 
Average Native 

labour 



1911. 1912. 1913. 1914. 1915. 1916. 1917, 



86 
5,832 



160! 231 
12,037 !l6,883 



297 
17,883 



161 
14,316 



148 
19,250 



180 
21,817 



The pay for the mine labourer is M. a day. A native in 
charge of a batch of workers of about ten or twenty receives 
from between 75. to 7s. &d. a week. Some companies pay 
their men by piecework, and in some cases this has proved 
to be most profitable. 

While finding and proving claims the natives will construct 
a temporary camp of grass huts which will last during the 
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inspection of the neighbouring streams, previous to taking 
out a mining lease. The labourers form themselves into little 
gangs, and after cutting down forked branches, stick them 
in the ground in a circle, on which they erect a scaffolding and 
a conical roof of bamboos. The roof remains watertight for 
some time after it has been covered with a thick layer of green 
grass thatch. 

With regard to a permanent camp, after a suitable site 
on a hill, and, if possible, near a river has been chosen, a pros- 
pector arranges a meeting with a local seraki, with whom 
he makes the contract to build the required number of houses 
after an agreed pattern. After much ceremony the seraki 
gets his labourers to work, who, during their labours, have an 
audience consisting of the entire village. The camp usually 
consists of a collection of thatched mud huts with an airy 
bungalow, round which a large clearing to take kitchens, 
stables, etc., is made. This of course is the cheapest way 
of forming a camp, but, nevertheless, can be made very com- 
fortable. The floors can be covered with native mats which 
are most beautifully woven and dyed. As work becomes 
more advanced and the question of carpenters-shops crops 
up, the bungalow can be made far more permanent by the 
use of a stiff clay yielded by decomposed granite, which makes 
excellent bricks ; window frames, doors, etc., can be manu- 
factured from a kind of mahogany which is found in large 
quantities on the edge of the plateau. The native labourer 
has no idea of sanitation whatsoever, and it is absolutely 
essential for a white man to place an official to act as a per- 
manent health inspector in the labourers' village. If this was 
not done, in two or three months the camp would become 
quite unfit for habitation, and the only remedy would be to 
bum all the huts and make new ones. 

Writing on this subject in 1913, Mr. Richardson points out 
the advantage in having a labourers' settlement near a main 
road, because when fresh labourers are wanted they wiU be 
far quicker obtained. At the same time, such a situation 
would be far more congenial to the natives as there is more 
life and better markets. On the other hand, a roadside camp 
naturally collects a large number of traders and wasters, and 

N 
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unless a fairly strict look-out is kept, your labourers will be 
deeply in debt to some professional gambler who has started 
a saloon in the village. 

The labourer keeps as independent as possible, and if he 
is fined or, in his opinion, is harshly treated, the headman, 
after the next pay day, will gather his little following and 
migrate to a neighbouring camp. 

Many of the natives become sMUed in the various primitive 
methods in the concentrating and cleaning of the tin ; skilled 
calabashers are common, but there are many who lose a lot 
of concentrate by careless washing, so that careful weeding is 
necessary. The natives become quite efficient in the use of 
the jigging machines and the working of the sluice boxes. 
A wary eye has, of course, always to be kept to avoid slackness 
and its resultant loss of tin. 

Dry-blowing is carried on by the women to a large extent. 
They work tmder long open sheds, through which the breeze 
can blow, with woven sieves and trays of plaited grass. Owing 
to their accustomed use of the sieve in winnowing com they 
soon become experts. 

THE NASSARAWA DISTRICT 

The best account of the Nassarawa district is given by 
Mr. Thomas, and is here reproduced by the kind permission 
of Mr. Walker, of the Mining Magazine. The Nassarawa 
province lies to the south-west of the Bauchi Plateau, on which 
most of the Nigerian tin-mines at present operating are situated. 
There is a considerable difference between Nassarawa and 
Bauchi. The plateau is principally a grass country, with 
ranges of bare granite hiUs and kopjes. The height above 
sea level is about 4,000 feet. The climate is in some ways 
similar to that of Rhodesia, but it is much hotter, with, how- 
ever, generally cool nights. The plateau may in fact be 
considered one of the healthiest districts in West Africa. 
The predominant rock is nearly everywhere granite. Nassa- 
rawa province is much lower, being only some 1,500 to 2,000 
feet above sea level ; the coimtry is covered, where not culti- 
vated, with scrub and forest, and the hills, except in a few 
instances, rarely rise more than a few hundred feet, and are 
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covered with vegetation. The temperature varies from 75° to 
96° in the shade in the wet season, and from 60° to 110° in the 
dry season. The nights are often hot and suffocating, and 
in some places the tsetse fly makes the hfe of horses precarious, 
and has been known to infect Europeans with sleeping sickness. 
The prevailing base rock is a micaceous schist, with granite 
and other intrusions. Large areas are covered with laterite. 
A prominent pegmatite and greisen formation runs through 
the north-eastern portion of the province, passing to the 
west of Jemaa town, and continuing in a south-south-east 
direction through Randa and Abu for a distance of about 
45 miles. To the north of Jemaa very little prospecting has 
been done, as the district has been generally closed to prospec- 
tors for political reasons. I propose to give some particulars 
of the formation and the work done at the principal points. 

At Jemaa, the formation outcrops very boldly on a range 
of hills to the west of the town. Extensive prospecting opera- 
tions were carried out about six years ago, principally by the 
Anglo-Continental Mines Company. A series of trenches were 
dug across the outcrops, at varying intervals, for some miles 
along the course of the main lode. Many of these trenches 
exposed a vein of pegmatite-greisen carrying good values, 
often 4 to 6 feet wide, of which about 2 feet would contain 
most of the tin. The values were, however, very erratic, as 
also the lode itself, the ore being hard and diificult to crush. 
The tin contents were generally free from much impurity, 
and not difficult to treat. Some attempt was made to open 
out a mine at the most promising point. Three adits were 
started at the foot of the hill, two of which struck the ore 
almost at the entrance, and a drive along the course of the 
lode connects the two. The third adit was driven behind the 
lode and exposed nothing. The first adit was driven into the 
hill for some distance, but struck notliing ; the second took 
the form of a rise on the lode, which appeared to pinch out 
about 10 feet above the adit. On the side of the hiU, about 
200 feet above the adits, is a bold outcrop of tin-bearing rock, 
and doubtless the engineer expected to cut this some distance 
in the adits. It would, however, appear to have continued 
just under the surface of the hiU-side, and to be a continuation 
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of the ore found at the mouth of the adits. Some develop- 
ment undergroimd north of the second adit has caved in, and 
cannot be examined. An open-cut exposes the lode for about 
100 feet south of the south adit, but the ore is poor. Some 
bore-holes were put down, with the probable object of proving 
the lode at a greater depth. I do not know with what results. 
The strike of this lode formation, which appears in some places 
on the surface to be well defined between two basaltic dykes, 
is due north and south, dipping to the west. Parallel forma- 
tions exist, and have been prospected in places. 

The properties were abandoned by the mine-owners some 
years ago, but sections have been acquired during the past 
year by two local syndicates, and a regular and useful output 
is being maintained from the detritus and creeks in the vicinity. 
New discoveries have recently been made, some 3 miles 
to the north-west of the old mine, of tin ore in both the rock 
and detritus, which seem to promise weU. Prospecting along 
the formation in a south-easterly direction has been under- 
taken by various syndicates. This work has so far exposed 
only very small patches of tin for a number of miles. The 
nearest considerable patch was found by the engineers of 
the KeflSl Tin Company at Langa Langa, near Randa, about 
25 miles from Jemaa. The deposit consists of a vein of greisen, 
from 12 to 15 inches wide, lying on, and conforming to, the 
base -rock of schist, and forming a kind of blanket on the side 
of a hiU. The upper sections have been very much disinte- 
grated and denuded by weathering ; the gangue has been, to 
a great extent, washed away ; and the tin contents have been 
deposited in the surrounding soil. The tin occurs in large 
crystals, varying from ^ inch diameter upward. Crystals 
are often found weighing as much as 2 lb. The matrix is 
friable, so the crystals are often found in an almost perfect 
condition. There is very little impurity, and the concentrate 
averages 73 per cent, metal. There is a small alluvial patch 
at the foot of the hiUs, which appears to have been formed 
quite independently of the main deposit, and which contains 
rutile, garnet, zircon, etc. The creek concentrates are of 
very low grade and very impure, and have not been worked 
to any extent. The property has been operated almost 
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entirely by hand, an ingenious water system having made 
grouiad-sluicing possible in the wet season. A small hydraulic 
plant has been used to wash out the alluvium referred to. 
The strike of the deposit is north-north-east by south-south- 
west, the dip corresponding to the slope of the hiU. 

The next important development on this formation is at 
Amari, 5 miles south-east of Langa Langa. This deposit 
was only located early last year, and is being worked by the 
Keffi Tin Company. The tin is found in several pegmatite 
dykes, which are connected by a vein of greisen. The dykes out- 
crop in places, but are more generally covered by 5 to 15 feet 
of ) ed soil, sometimes with a kind of decomposed and stratified 
granite dyke-rock. The tin is worked by open-cut. In places 
the soil contains tin, due to the weathering of the outcrop. 
Some tin is found in the creeks. The miners crush their own ore 
by hand, and cal ibash it, bringing in a 65 per cent, concentrate. 

The next important discovery on the line of formation is 
at Abu. This property is in two sections. The first is about 
2 miles south-east of Amari, and the second a mile or so farther 
to the east. The first section consists of a large pegmatite out- 
crop, very much denuded, from which most of the tin has been 
washed into a creek near by. This creek contained a very 
rich deposit of tin, and much of this has been taken out by 
tributers. The second section contains a series of small veins of 
greisen, rarely more than 10 inches wide, which have been exten- 
sively worked by open-cut. The soil in the vicinity of these veins 
contains cassiterite, and has been, and is being, worked. Two 
dams were built, and pumps installed to lift water to the required 
height, and most of the ground is washed in ground sluices. 

The strike of the veins is north by south, and they dip to 
the east at about 60°. Some flakes of gold have been found 
when washing this deposit, and a number of ancient stone 
axes have been dug out, showing the comparatively recent 
age of the disintegration. The tin is very clean here, and 
is dehvered by the tributers at a shipping grade of 74 per cent. 
There is an outcrop of pegmatite in the hill between the two 
sections. The regular formation seems to be entirely broken 
up to the south of Abu, and such tin as has been found is in 
the creeks and rivers and their banks. Several companies 
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have tried working these, but none have been successful, 
and the district is now abandoned. Some 10 miles to the 
east, and a little east-south-east of Abu, the Nigerian Tin 
Corporation has for some years maintained a regular output 
from creeks and flats. Though pegmatite occurs here and 
there, no regular deposit of tin-bearing rock has been found, 
but there is Uttle doubt that the tin originated in this rock, 
which has been almost completely denuded, the tin remaining 
after the lighter gangue had been washed away. This prob- 
ably also applies to the deposits worked by the Naraguta Tin 
Company at and near Karama, which is only a few miles 
away in the same direction. To the east of Karama the tin 
deposits suddenly cease, there being a change in the geologi- 
cal conditions. Tin has been found some 50 miles south of 
Womba, in lodes and alluvium in creeks to the south of 
Keffi, but not in payable quantities. Tin was located and 
worked for a time in the district of Kwoi, 40 miles north- 
west of Jemaa, some years ago, by the Niger Company, but 
it is not now being worked. No doubt the whole district 
contains numbers of smaU pegmatite veins or dykes which are 
tin-bearing. The writer has seen many of them. 

Owing to the nature of the cassiterite, being mostly in large 
and well-formed crystals at or near the surface, many of these 
prospects have been taken seriously, much money spent on 
them, and great expectations formed by laymen, or inexperi- 
enced or too optimistic mining men. These will continue to 
be found, and as the whole country is covered with dense 
tropical grass for the greater part of the year, it is quite possible 
that other rich and workable patches may be found, as witness 
the discoveries of the past year at Jemaa and Amari. No 
very extensive alluvial flats have been located, such as are 
found on the plateau, and from the nature of the country 
it would not appear probable that any exist. The district 
offers an opportunity to the small syndicate, and the individual 
prospector, of picking up small, rich, and easily -worked patches, 
rather than any inducement to large mining companies. 

Communication is by road from the railway at Bukeru, 
which is 48 mUes from Jemaa, or by river to Loko, and thence 
by road to Womba, a distance of 100 miles by road. 
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Output and Exports feom Nigeria. 
In tons (2,240 lb.). 





Output. 


Exports. 


Year. 












Ore. 


Ore. 


Metal. 


Value. 


1904 .... 


H 






£ 


1905 








i 


— 


— 


— 


1906 








11 


— 


— 


— . 


1907 








175 


21 


133 


25,265 


1908 








514 


519 


17 


80,799 


1909 








253 


269 


39 


42,141 


1910 








774 


692 


31 


77,310 


1911 








1,470 


1,530 


— 


181,759 


1912 








2,886 


2,803 


— 


336,330 


1913 








5,331 


4,194 


2 


568,428 


1914 








6,143 


6,175 


— 


706,988 


1915 








6,910 


6,535 


— 


723,480 


1916 








8,222 


7,054 


— 


859,603 


1917 








8,314 


9,966 


— 


1,485,887 


Total . . . 


41,005 


39,758 


222 


5,087,990 



{According to the Imperial Institute. 



Exports or Tin Orb and Tin from Nigeria, 1910-17. 
In tons (2,240 lb.). 



Countries to 
which Exported. 


1910. 


1911. 


1912. 


1913. 


1914. 


1916. 


1916. 


1917. 


United 1 „,„ 
Kingdom f ""^^ 

United 1,. 
Kingdom/*"' 

Germany ore 

Germany tin 


68911 

30-72 

2-89 
0-05 


1,529-36 
0-26 


2,802-64 
0-36 


4,193-72 

2-17 
0-04 


6,175 


6,635 


7,054 


9,966 


Total . ore 
Total . tin 
Value . . £ 


692 

30-77 

77,310 


1,529-60 
181,759 


2,803-00 
336,330 


4,193-76 

2-17 
568,428 


6,175 
706,988 


6,535 7,064 
723,480 859,603 


9,966 
1,485,887 



{According to the Imperial Institute.) 
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(B) THE GOLD COAST 

In the Mining Magazine for November, 1919, Mr. D. J. 
MacDonald gives details of the recently discovered deposits 
at Winnebah. 

The existence of a deposit of high-grade coarse alluvial 
cassiterite was proved by a private syndicate four years ago 
in the bed of a stream flowing into a salt-water lagoon on the 
sea coast about 5 miles west of the port of Winnebah. The 
nearest village to the deposit went by the name of Mankwadi, 
which has given its name to the find. Some work was done 
at the time in the way of trenching and pitting with the objects 
of, firstly, proving the extent of the alluvial deposit, and, 
secondly, finding the source of the cassiterite in the wash, 
which, being in many cases scarcely water-worn, did not 
appear to have travelled far from its point of origin. 

These early operations failed to prove anything of much 
consequence beyond the fact that the country was a horn- 
blende schist highly gametiferous, striking in a north-east 
and south-west direction and intersected by dykes of various 
kinds, mostly coarse-grained pegmatites rvmning in a general 
N. 60° E. direction. It was evident that some of these dykes 
were the original ones in which the cassiterite had been de- 
posited ; but, unfortimately, those outcrops which were exposed 
and accessible at the time carried extremely small quantities 
of the mineral. 

The area covered by the tin -bearing gravel was foimd to 
be limited to the creek bed, which was about 150 feet wide 
where it entered the lagoon. The lagoon itself, although it 
could never be tested properly owing to the amoimt of water, 
yielded fair prospects of fine-grained cassiterite. A smaU 
quartz vein carrying molybdenite was found about a mile 
to the west of the original workings, but this was not opened 
out at the time. 

The outbreak of the war put a stop to the operations, until 
they were renewed in 1918 under circumstances more favourable 
to the obtaining of rehable results. Some tons of high-grade 
cassit«rite were won from the creek bed and shipped to England, 
and during the time this work was in progress, prospecting 
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was vigorously carried on in the neighbourhood. The first 
result of this prospecting work was the discovery of a dyke 
or vein of quartzite running in a similar direction to the other 
dykes, but carrying a complex mixture of arsenical iron pyrite, 
gold, molybdenite, and a highly argentiferous galena. A 
little work was done on this, and although at first the ore was 
of a high grade, later results were not sufficiently encouraging 
to make it worth while continuing work at that stage. It 
should be mentioned that, in panning and calabashing the tin- 
bearing gravel, gold is found in the dish in every case, so much 
so that the native washers invariably carry a small bottle in 
which to put the grains of precious metal collected during the 
day's work. The task of locating the tin-bearing pegmatites 
was at last rewarded by the discovery of some specimens of 
float pegmatite, very rich in cassiterite, quite close to the 
alluvial workings. 

The country, although open, is covered with thick grass, and 
in many cases, especially on the hill-sides, with a low dense scrub 
which grows to such a thickness as to make it impenetrable. 
It is necessary to cut and burn it before anything of the surface 
soil or float rocks can be seen. One of the first outcrops 
discovered by trenching, at a few feet below the surface, gave 
such good results on being opened out both as regards values 
and width that it appeared as though it might turn out to be 
something out of the common. Further work, however, showed 
that what appeared at first to be a lode over 100 feet wide 
was more in the nature of a sill or large overflowed cap to 
one or more dykes. Two of these dykes are now being sunk 
upon, and they are going down so strongly as to lead to the 
expectation that they are feeders to the capping. As the 
concession is being cleared and examined, more dykes, not 
always parallel in direction, are being found and opened out, 
and many of them carry tin in payable quantities. So far, 
four groups have been found and continuous outcrops have been 
traced for as much as i mile and up to 30 feet in width. 

The area over which these finds have been made has a 
considerable width measured across the strike of the schist 
country, and up to the present no hmit has been foimd to the 
area, either along or across the strike. Quite recently cassi- 
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terite has been found in similar dykes as far as 20 miles west 
of the original discovery. The dykes occiir both on the flats, 
where they are often covered by alluvial soil, and on the 
slopes and tops of the hiUs up to a height of 400 feet above the 
surrounding level. 

The belt of country through which the granite, pegmatite, 
and other outcrops of a similar character have been intruded, 
appears to be a hornblende schist carrying a large quantity 
of garnets, striking roughly north-east and south-west and 
dipping steeply to the south-east. On the south-east large 
masses of granitoid rocks outcrop near Winnebah, and these 
probably imderhe the schists at a depth at present unknown. 
The same country has been observed to the south-east of Kibbi, 
about 60 miles inland from Accra, and, in the opinion of the 
Grovernment Geologist, continues in a north-easterly direction 
to the Volta River, and so on through into Togoland, while 
to the south-west it appears on the sea-coast in the neighbour- 
hood of Cape Coast Castle. It is bounded on the north-west 
by the ranges of altered sedimentary and igneous rocks, 
sandstones, slates, diorite and dolerites forming the Kibbi 
Hills. The width of this belt would appear to be from 20 to 30 
miles, but outcrops and intrusions of the granite occur at many 
points in this area. 

These pegmatites are of all classes, from entirely acid 
quartz veins to entirely basic felspars. The associated minerals 
are many, including cassiterite, scheehte, gold, molybdenite, 
galena, hornblende, tourmaline, and arsenical pyrites. The 
felspars are of various kinds, and with them are associated 
quartz, kyanite, apatite and mica. The appearance of the 
pegmatites varies from finely crystalline to porphyritic, and 
although they present many combinations of the above 
minerals, there has not been foimd, so far, any combination 
which particularly favours the occurrence of cassiterite. The 
only exception to this is the case of tourmaline, which is always 
present with cassiterite. The tourmaline is of several varieties 
and colours, and occurs in many forms, from acicular crystals, 
up to Ij inches in diameter and several inches in length, to 
microHtes disseminated evenly through the mass of felspar. 
The same remarks apply to the crystals of cassiterite, which 
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appear, in many cases, to have taken the form of the associated 
tourmaline, so much so, that the two are exceedingly difficult 
to distinguish one from the other. 

So little work has been done up to the present that an 
expression of opinion as to the origin of the pegmatites is 
rather hazardous. The dykes would appear to have their 
origin in the granite which imderlies the schist country in 
which they occur, and which outcrops largely on the south-east 
boundary of this belt at Winnebah and Appam, and there is 
no reason to suppose that those dykes which are tin-bearing 
at or near the surface do not carry this mineral down to their 
point of origin. There is no evidence up to the present by 
which to determine the depth at which the granite occurs, 
but this will be foimd to vary from point to point in the area 
imder consideration. It may happen that the granite itself 
will be found to carry cassiterite, which may also have developed 
in payable quantities at or near the junction of the two 
classes of rocks. 

In the same stretch of hornblende-schist country and about 
50 miles north-east of Mankwadi, where the original deposit 
of tin was found, the Birrim River has its rise, and from here 
rims for some miles in a northerly direction. It then turns 
to the west around the north-east corner of the Kibbi range 
of hiUs and continues flowing in a wide alluvial vaUey, covered 
with gravel, in a south-westerly direction to its junction with 
the Prah. It is in this latter valley, and not far north-west 
from Kibbi, that diamonds have lately been found by the 
Government Geologist, Mr. A. E. Kitson, during a prospecting 
tour in which he was engaged. Should it be discovered later 
that the gravel deposit in which these diamonds have been 
found is the result of the weathering of the country in which the 
Birrim takes its rise, it opens out the possibihty of diamonds 
being found to occur an3rwhere in the same belt of country in 
which the tin-bearing pegmatites outcrop. When one takes 
into consideration the number and variety of minerals which 
have been found in this district and the existence of nickel 
and copper ores in the vicinity, it seems evident that future 
development in this, the latest of tin-fields, wiU prove extremely 
interesting and worthy of attention. 
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(O) NYASALAND 

A few of the concentrates from river sands examined at the 
Imperial Institute in connexion with the Mineral Survey of 
Nyasaland were found to contain small amoimts of cassiterite, 
but no deposits of economic importance are known in the Pro- 
tectorate. {Tin Ores.) 

(D) UNION OF SOUTH AFRICA 

The principal mines are located in the Waterberg and Rusten- 
burg districts of the Transvaal. 

Tin also occurs in the west of Cape Province, the most impor- 
tant deposits being near the Kiuls River. Traces have also 
been recorded near Grahamstown. 

In Swaziland, about 60 miles to the east of Lake Chrissie, 
(in has been foimd in payable quantities. 

Tin deposits are being worked in Zululand, about 15 miles 
from Melmouth. The ore occurs in bodies of pegmatite and 
metamorphosed pegmatite in close juxtaposition to the old 
granite, and is said to show 6-65 per cent, of tin. 

The only other occurrences of tin in South Africa worthy 
of mention are those in the Hartley and Victoria districts of 
Rhodesia. In 1916, 3-63 tons were produced, but in 1917 there 
were no returns. 

The following is a list of the tin-mines of the Transvaal and 
Cape Province, giving their respective districts : — 

Tbansvaai. 

Mines. Distriot. 

Bushveld Tin Mines, Ltd. Pretoria. 

East Transvaal Tins, Ltd. . Carolina. 

Grifona Tin Mine. . Waterberg. 

Groenfontein Tin Mine Waterberg. 

Groenvlei Tin Mine . . Waterberg. 

Harrisdale Diamonds, Ltd. Waterberg. 

Hoekberg Tins, Ltd. ... Waterberg. 

Leewvpoort (African Farms) Tin Mines, Ltd. . Waterberg. 
Mutue Fides Tin Mine .... Waterberg. 

Northern Minerals (Transvaal), Ltd. Waterberg. 

Olieven Tin C!o., Ltd. ... Rustenberg. 

Olifanta Tin Mines, Ltd Waterberg. 
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Mines. 



Teansvaai/ (Continued). 



Randfontein Penwith Extension and Explora- 
tion Syndicate, Ltd. 

Rex-Zaaiplaats Tin Mines, Ltd. 

Roberts Tin Mines 

Rooiberg Minerals Development Co., Ltd. 

Skilpat Tin Mines, Ltd. 

Stavoren Tin Mining Co., Ltd. 

Transvaal Consolidated Land and Exploration 
Co., Ltd. 

Union Tin Mines, Ltd. 

Zaaiplaats Tin Mining Co., Ltd. 

Cape Province. 



District. 

Waterberg. 

Waterberg. 

Pretoria. 

Waterberg. 

Pretoria. 

Waterberg. 

Various. 

Waterberg. 

Waterberg. 



AUuvial Creek, Ltd. 
Faure Syndicate, Ltd. 
Good Hope Tin Mines, Ltd. 
Star Alluvial Tin Mine . 



SteUenbosch (Kuils River). 
Stellenbosch „ „ 
SteUenbosch „ ,, 

SteUenbosch ,, ,, 



The date of the commencement of tin mining in South Africa 
is lost in obscurity, as is the case in so many other tin-mining 
localities. 

It has been stated that the old workings in the Rooiberg- 
Leeuwpoort District were carried on by men probably akin 
to the Basutos. 

Apparently one of the first historical references to tin was 
made by Jan Van der Capille, of the Dutch East India Company, 
in 1723, and again in 1732. It has been suggested that the 
tin referred to came from Rooiberg. 

Numerous ancient workings and traces of smelting have 
been discovered at different localities in the Transvaal. Ingots 
of tin, hoes, human bones, arrow heads and digging stones have 
been dug up. 

The usually accepted theory is that these miners were 
the same people as the ancient Rhodesian gold-miners. The 
methods of mining employed by these men were as follows : 
the ore was broken or chipped away with hammers and gads, 
the latter being made of mild steel of extremely fine quahty, 
equal to the best Swedish iron. 

When the ground was too hard for the stone hammers 
" fire-setting " was employed. 

These ancient workings varied from quite small ones to 
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one 620 feet long, some being open-cast, but most miderground 
workings. 

The areas now producing tin in South Africa can be con- 
veniently divided up under the four following heads : — 

1. Transvaal. 

2. Cape Province. 

3. Natal. 

4. Swaziland. 

It should be noted that although not poUticaUy part of 
the Union of South Africa, since June 30, 1910, Swaziland 
has been dealt with, for customs purposes, as part of the 
Union, and although the figures given here under the heading 
of Swaziland are only of output and not of export, it will be 
included under the general heading of the Union of South 
Africa. 

(1) Transvaal 

The two latest accounts dealing with the Transvaal which 
have come under the author's notice are those by Mr. Trevor 
and Mr. Da vies {Tin Ores — Imperial Institute). The follow- 
ing, therefore, is taken chiefly from an amalgamation of these 
two. 

The Waterberg Tin Fields in the north-western Transvaal 
include practically every mine of importance in the province. 
Under this general head is the Potgietersrust Tin Field (Zaai- 
plaats, Roodepoort, Groenfontein, Solomon's Temple, etc.), 
the Nylstroom Tin Field (Doornhoek, Kromkloof, Welgevon- 
den), the Warmbaths Tin Field (Zwartloof, Elandsfontein, 
Witfontein, etc.) and the Rooiberg Tin Field. 

The above localities lie on the Waterberg Plateau which 
forms the south-eastern margins of a basin, the central portion 
of which is composed of sand-stones and conglomerates of 
the Upper Waterberg edge. " Below the escarpment of these 
beds is a belt of Lower Waterberg felsites with interbedded 
shales (and quartzites in the Rooiberg), overlying the red 
granite and the norite of the Bushveld Plutonic Complex. Be- 
yond the outcrop of these lie the older granite and the quart- 
zites and dolomites of the Transvaal System. These older 
rocks, however, are unconnected with the source of the tin- 
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stone, and the same may be said of the Karroo beds which 
overstep aU these formations in the south-eastern part of 
the district. The red granite and the Lower Waterberg 
rocks are the important tin-bearing formations. In the 
red granite the cassiterite deposits occur (a) in the form 
of roughly cylindrical pipes ; (6) associated with irregular 
bodies of altered granite ; (c) as impregnations along well- 
defined lines of fissiu^e ; (d) associated with pegmatite and 
quartz veins. In the felsites, shales and quartzites of the 
Lower Waterberg the deposits are found (a) in lodes and more 
or less definite lines of fissure, small veins, and leaders, and 
(6) as irregular patches and pockets, often connected with 
fissures or determined by planes or stratification. ' ' (Tin Ores. ) 

The Potgietersrust Tin Field.— The most important 
deposits in the Potgietersrust Tin Field are situated on the farms 
Zaaiplaats, Roodepoort, Groenfontein and Solomon's Temple. 
They are distributed along a well-defined zone in the red 
granite, which strikes in a north-west and south-east direction 
and continues into. Groenvlei and Appingadam in one direction 
and Welgevonden, Welgelegen and Grootrivier in the other. 
This zone comes immediately below a coarse pegmatite. The 
usual type of deposit in this field is that of cassiterite-bearing 
pipes, roughly circular in section, descending at varying 
angles into the granite in a general north-westerly direction. 
They vary from a few inches to 20 feet in diameter. 

In the pipes of the Zaaiplaats area cassiterite is the pre- 
dominant metallic mineral, though pyrites is usually present, 
and there have been portions of the pipes worked where galena, 
blende, or mispickel predominate, or where copper sulphide 
and molybdenite make their appearance. In the other areas 
the contents of the pipes are more erratic, and any of the 
following minerals may vastly predominate in any one section 
— or be absent altogether, or the pipe matter may be charged 
with all of them mixed in any proportion : — 

Cassiterite', mispickel, pyrites, scheelite, 

wolframite, calcopyrite, magnetite, molybdenite, 

specularite, galena, blende, bismuthite, 

fluorspar, calcite, or gypsum. 



AFRICA 193 

Some well-defined and rich pipes have disappeared in a 
few feet of working. Others have become barren though 
remaining well defined, and have been abandoned after several 
hundred feet of fruitless opening. On the other hand, some 
barren pipes have become enormously productive, and some 
have been followed and are still being worked productively, 
after 3,000 feet of ramifications. They usiially occur in groups, 
and neighbouring pipes may unite either at depth or near the 
surface. The pipes sometimes show an outer zone of tourma- 
line-quartz rock, which is usually not more than a few inches 
thick. The main mass of the pipe varies from slightly-altered 
granite to an apparently homogeneous greenish material, 
which sometimes becomes extremely hard through secondary 
silicification. In the smaller pipes the cassiterite is fairly 
uniformly distributed, but in the larger ones it is generally 
more concentrated towards the periphery, and especially the 
lower portion, while in the central part it is less abundant or 
even absent. 

Tin dispatched from Potgietersrust shows an increase of 
183 tons compared with the previous year. The value of the 
tin produced in 1918 reached the record figure of £440,995, 
an increase of £94,979 compared with the previous year. Tin 
was exported to the Argentine to the value of £20,700 and to 
Portuguese East Africa to the value of £9,345. Small consign- 
ments were also exported to South-West Africa and Japan. 
Tin ore and concentrates were exported as follows : Straits 
Settlements, £239,926 ; Australia, £3,600 ; United Kingdom, 
£1,391 ; Japan, £150 ; total, £245,067. 

The Nylstroom Tin Field is situated on the farms Doom- 
hoek, Kromkloof and Welgevonden, some 16 miles north- 
east of Nylstroom. The principal deposits are associated with 
the felsites and shales of the Lower Waterberg. The main 
lode at Doornhoek cuts the bedding-planes of the shales 
obliquely ; it averages 18 inches in width, and is largely made 
up of brecciated and highly- altered fragments of the country 
rock, with quartz, tourmaline, cassiterite and fiuorite. A 
second lode follows one of the coarser beds in the shales, 
which also is much altered and brecciated. In the immediate 
neighbourhood of these lodes the shales sometime show 

o 
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minute veins of cassiterite. A short distance below the base 
of the shales the underlying felsites carry cassiterite, associated 
with quartz and haematite, in small pockets from | inch to 
IJ inch in diameter, while other pockets contain tourmaUne 
with quartz and sericitic matter. 

The Warmbaths Tin Field extends from Zwartkloof 
through Droogekloof, Elandsfontein and Newbury to Wit- 
fontein and thence northward to Rhenosterpoort, forming 
a narrow belt which follows the jimction of the felsites and the 
red granite. Cassiterite occurs in both types of rock, and 
also in detrital deposits. At Zwartkloof the ore bodies are 
somewhat irregular and ill-defined ; they occur in the granite 
and are frequently associated with masses and veins of very 
coarse pegmatite and quartz. Alluvial and eluvial deposits 
occur on this farm. On Elandsfontein No. 1,782 there are 
two main sets of fissures in the granite, and the ore bodies 
associated with them vary in width from a few inches to 2 or 
3 feet. Fissure lodes also occur in the lower part of the fel- 
sites. On Witfontein No. 371 the alluvial deposits have proved 
more important than the occurrences in the granite and felsite. 
All three types of deposit occur also on Elandsfontein No. 
2,149, and small quantities of tin have been won from the 
granite on Rhenosterpoort. 

The Rooiberg Tin Field lies about 40 miles west of Warm- 
baths. The cassiterite deposits, with the exception of one 
occurrence in the red granite, are all found in the Rooiberg 
quartzites, which, with the associated shales, are overlain 
with apparent conformity by the Lower Waterberg felsites, 
while both types of rock are intruded by the red granite. 
The workings are principally on the farms Olievenbosch, 
Hartebeestfontein, Weynek, Quaggafontein and Leeuwpoort, 
and many of them are on the site of ancient workings. 

In the sedimentary rocks, the Rooiberg and Leeuwpoort 
mines have been working most successfully in fissure veins, 
traversing a mass of quartzites and shales of undoubted 
sedimentary origin, which are enveloped in the granite. At 
Rooiberg these veins are vertical, and do not carry more than 
1 per cent, to 1-5 per cent, of tin, but their value consists of 
lateral enrichments which pass off into the bedding planes of 
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the country rock and give pockets and bonanzas of phenomenal 
richness. Undoubtedly these offshoots have only so far been 
found near the surface, none of importance having been en- 
coimtered below 100 feet. At Leeuwpoort the veins are not 
highly inclined, and are richer in themselves than at Rooiberg, 
but, on the other hand, only one notable enrichment in the 
country rock has been found. 

In the massive granite the tin-stone occurs in fissures and 
in pipes quite distinct from the ordinary fissure vein or lode 
deposits of the textbooks. The fissures are of small lateral 
extent, a few hundred feet on the strike being above the 
average length. There is no fissure filling or lode matter in the 
ordinary sense, but irregularly on either side of the fissure 
plane the granite is intensely decomposed and altered into 
a green-blue mass consisting largely of chlorite and sericite, 
and impregnated with cassiterite-metaUic sulphides, flourite, 
and many other pneumatolitic minerals, which make their 
appearance and disappear within a few feet in an extraordin- 
arily erratic manner. Closely connected with these fissures 
are the pipes. In these the alteration of the granite has taken 
a roughly tubular form. These pipes or tubes wander through 
the massive granite at all angles and directions, seldom keeping 
in one line for more than about 50 feet. In each locality where 
they occur they have, however, a general trend in one direc- 
tion. Usually they have no obvious cormexion with any 
visible fissure or line of weakness, but on survey it is often 
found that they occur in a definite line, so it is probable that 
their origin was due to gas vents along courses which for some 
reason or other, now obscure, were permeable to the vapours. 
In section, even the same pipe may alter in various parts of 
its course from a mere inch of stained granite up to a diameter 
of twenty feet of almost solid cassiterite and metallic sulphides ; 
or with the same dimensions the pipe may, at a given point, 
be entirely a mass of blue-green chloritic alteration product 
of indefinite composition, entirely destitute of tin or any 
other metal. At some points the granite in the pipe area 
may be hardly altered, but the cassiterite appears almost 
as if it were part of the original rock. 

The workings of the fissure deposits of the Rooiberg are 
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conducted on the ordinary mining lines of shafts, develop- 
ment drives and stopes. For the pipe and small fissure 
deposits of the massive granite no method is possible save 
following the cassiterite and taking it out foot by foot, and 
straightening up as far as possible afterwards, so as to allow 
of some form of haulage. So crooked are the pipes that it 
is seldom possible to keep the haulage within 100 feet of the 
face, and in No. 13 at Zaaiplaats, which has been followed 
for some 3,000 feet, there are no less than eight separate 
haulages between the face and the surface. 

The crushing and dressing plants on the larger mines are 
thoroughly well-equipped and up-to-date. After the prelimin- 
ary^concentration the concentrates are calcined and redressed, 
the^resultant cassiterite for export containing from 65 per cent, 
to 70 per cent. metaUic tin. AH the cassiterite produced is 
exported to the Malay States, a more favourable market for 
the class of product being obtained there than in England. 

In October, 1917, the Zaaiplaats Tin Mining Company 
commenced smelting tin for consumption in the Union. This 
is a measure due to the war, but so far the experiment has been 
so successful that there is every reason to hope that it wiU 
lead to a permanent industry. 

With regard to the permanence of^the production of tin 
in the Transvaal, the area over which it occurs is so large and 
the difficulty of locating the outcrops of the pipes so great, 
that though it seems unlikely that any great expansion wiU 
occur at any one period, yet it is probable that the discovery 
of new properties will go on for very many years. 

(2) Cape Province 

Cassiterite has been found at various points in the west of 
the Cape Province, the most important appearing at Annex 
Langverwacht, near Kuils River, which is 16 miles from Cape 
Town on the Stellenbosch railway hne. 

The tin is disseminated through a granite, and is chiefly 
found in association with quartz, and to a lesser extent with 
greisen near the junction of the granite with the Malmesbury 
slates. 
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Wolframite and tourmaline are found in association with 
the cassiteritc, and considerable deposits of tin-bearing gravel 
have been formed by the disintegration of the rocks. 

These have been found in the creeks leading down from 
the hills, and in the lower -lying groimd towards the south. 
They have been worked with some success, and as much as 
300 tons of high-grade concentrates have been reported to 
have been produced in 1906 and 1907. The whole of the tin 
ore won in 1916 came from these gravels. 

The Alluvial Tin Fields of Africa, Limited, has more 
recently employed modem methods of extraction, which have 
met with some success. 

A certain amount of development work has been done on 
the tin-bearing lodes in the neighbourhood. 

These lodes have been opened up to some extent, and it 
is reported that they are rich in places, but the very broken 
character of the deposits has hitherto militated strongly against 
successful exploitation. 

Stanniferous quartz veins also occur at Vredehoek, at the 
north-west end of the Tygersberg, as well as in other places. 

(3) Natal 

In the Umfuli Tin Field, situated about 8 miles east of Mel- 
moth in the Entonjaneni district of Zululand, a plateau of 
Waterberg sandstone has been cut through by the Umfuli 
River and its tributary the Ntunja. A small area of horn- 
blende-schists of the Swaziland System has thus been exposed. 
The schists are permeated by numerous veins of pegmatite 
and aplite, and cassiterite occurs in the pegmatites in associa- 
tion with mica, garnet, tourmaline, quartz and felspar. The 
cassiterite is sporadic in its distribution, and samples of the 
pegmatite assayed from a trace to 0-3 16 per cent, of metallic 
tin. Prospecting in this district has so far met with disappoint- 
ing results. {Tin Ores.) 

(4) Swaziland 

The tin-fields extend on both sides of the border between 
Eastern Transvaal and Swaziland, but at present the produc- 
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tion of tin is entirely confined to the latter, where one corpora- 
tion holds a very large part of the stanniferous area. 

The Swaziland deposits are in the north-west and consist 
of alluvial deposits at Mbabane (Embabaan) and lodes at 
Forbes Reef. 

Taking alluvial deposits first, about half a million cubic 
yards of ground is annually treated, giving (according to Mr. 
Trevor) about 1-8 lb. black tin per yard. 

The value per yard is given in normal times at 2s. 2d., and 
the total working cost at lis. 6d. The deposits occur as 
" flat " along the river courses and to a less extent on the hill 
slopes. Mr. Davies {Tin Ores) quotes King's Flat as a typical 
example ; he says "there is a soft overburden of about 12 feet 
of dark soil, which carries httle tin. Below this lies 2^ feet 
of coarse tin-bearing gravel, composed largely of fragments 
of quartz up to 3 inches across, which rests on the granite 
floor of the valley. The cassiterite occurs in the gravel as 
loose crystals, but occasionally in boulders of pegmatitic rock ; 
it is associated with other accessory minerals of the granite, 
including ilmenite, monazite, euxenite, seschynite, corundum 
and tourmaline. The cassiterite is evidently derived from the 
pegmatite dykes and quartz veinlets in the granite, which 
belongs to the older granite and not the red granite of the 
Waterberg tin-fields. The mineral has been seen in many of 
these pegmatites, and at Sander's Creek a dyke of decomposed 
pegmatite yielded considerable amounts when worked by 
hydraulic methods. Since 1912 hydraulic operations have 
proved most successful. A race 14 miles long brings water 
from the Umbelusi River, which, together with local suppUes, 
is used three times over in monitors to break ground at different 
levels, and also generates power for elevating the material 
it has already broken. 

" Forbes Reef is situated some 14 miles north of Mbabane 
on the east side of the Ingwenya Range. This range is formed 
of quartzites and schists of the Swaziland System, in which are 
intrusions of the same granite as at Mbabane. In one case the 
tin occurs in a dyke in the schist, 2 to 3 feet wide, composed 
almost entirely of white felspar with patches of chlorite and 
cassiterite. More usually the veins follow fissures parallel 
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to the strike of the schists. Along these fissures the schist 
ia tin-bearing over a width of about 3 inches." 
The outputs of tin for the past five years are as follows : — 



Caaaiterite Tin. 





Tons. 


1910-11 


476 


1911-12 


313 


1912-13 


385 


1913-14 


492 


1914-15 


496 


1915-16 


584 


1916-17 


459 


1917-18 


611 



Valued at. 



£ 
42,250 
32,397 
37,946 
51,220 
43,266 
56,067 
46,732 
60,221 



Tin. 









Ore. 
Dressing. 

Tons 
Treated. 


MABEETABIB 
PHODOCT. 


SHIPHENT8 AND SALES. 


Protinoe. 


Ions. 


Percentage 
of Pure 
HetBl. 


Tons. 


Percentage 
of Pure 
Metal. 


Value. 


Year 1918, Trans- 
vaal 
Year 1918, Cape 


89,152 
1,162 


2,064-969 
16-585 


73-28 
69-09 


2,190-213 
15-829 


7218 
69-01 


£ 
438,132 
2,863 


Union of South 
Africa 


90,314 


2,081-554 




2,206042 


72-16 


440,995 


Ye 


lar 1911 
, 1912 
, 1913 
. 1914 
, 1916 
, 1916 
, 1917 


: 


76,901 
73,191 
105,222 
129,377 
168,599 
126,522 
118,029 


3.499-657 
2,988-297 
3,701-526 
3,569-075 
3,544-885 
3,187-062 
2,896-217 




3,533-729 
2,932-208 
3,671-907 
3,429234 
3,441-353 
3,264-068 
2,678-560 


67-26 
66-64 
68-68 
6610 
66-94 
6616 
66-80 


411,871 
367,699 
436,550 
311,391 
331,420 
339,571 
346,016 



Values are calculated on the pure metal contents at the price current in 
the London market. 
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(E) RHODESIA 

The chief occurrences of tin in Rhodesia are those in the 
Enterprise district, east of Salisbury, and at a point about 
30 miles east of Victoria and 15 miles north-north-west of 
Ndanga. 

In the Victoria Tin Field the ore occurs in metamorphic 
groups — (1) epidiorite group, and (2) banded iron-stone group. 
Both groups have been intensely folded, their general trend 
is north-east to south-west, while the general dip is to the 
south-east, and the angle of dip is high. Cleavage and folia- 
tion are pronounced. The general geological features are 
similar to those of Enterprise district. In both districts the 
metamorphic rocks are exactly alike, and are folded to the 
same degree. The general strike, however, in Enterprise 
is more nearly east and west, while the general dip is north- 
wards. In both districts the rocks are surrounded on three 
sides by granite, and traversed by dolorite dykes. 

Finally, in both districts the pegmatite dykes in the granite 
are not mineralized, whilst those in the metamorphic rocks 
are frequently greisenized and carry tin-stone. As regards 
the ore itself, in both locaUties it occurs in pegmatite dykes, 
for the most part greisenized, and at different places it is 
possible to see aU the stages of alteration from pegmatite to 
greisen. 

The cassiterite of the Victorian Tin Field is almost dead 
black in colour like that found in the Enterprise district. 
Distribution is described as patchy or irregular. On the 
east bank of the Rurukwe River the small tin-stone crystals 
are arranged in lines frequently branching upwards ; the size 
of the crystals varies with the coarseness of grain of the pegma- 
tite. In his report for 1911 the Director of the Survey of 
South Rhodesia says that in the fine-grained greisen the tin- 
stone is fairly uniformly distributed in small crystals. From 
this fine-grained rock one finds aU degrees of coarseness up to 
giant pegmatites, in which the quartz occurs in great " blows," 
the lepidohte in large masses covering many square yards, 
and the felspars in aggregates of huge crystals. One of the 
felspar crystals measured in the southern part of Koestlich's 
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claims, was not less than 11 feet in length. These large 
crystals belong to the original pegmatite. When the dyke is 
thoroughly greisenized they are replaced by a wide sugary 
mass of small crystals. It is in the neighbourhood of these 
" giant " pegmatites that the large lumps of cassiterite " float " 
have been picked up. One lump was estimated to weigh 
about 2 cwt. The director is of opinion that in such reefs 
the tin-stone will be found distributed in pockets in a very 
irregular manner. 

In the Report for 1916 there was a notice of the possibiUty 
of tin-bearing pegmatite or greisen dykes being found in the 
Wankie district, and in 1917 tin-stone was found in a quartz 
reef in association with toiu-maline and a sulphide of iron. 
Another new occurrence is at the edge of Matopo granite in 
the neighbourhood of Marula. In this locality tin -stone occurs 
with Wolframite, the first discovery of the association of the 
two ores in Rhodesia. 

(F) "GERMAN" SOUTH-WEST AFRICA 

In his report on the geology and mineral industry of " Ger- 
man " South- West Africa, P. A. Wagner gives some notes on 
the occurrence of tin in that province. The deposits so far 
observed are found in a belt lying in a north-west to south-east 
direction, to the north of Karibib, a station 160 miles from 
Swakopmund, on the line of Windhoek. The southern 
portion of the region is occupied^chiefly by the Erongo moun- 
tains, and the tin-field is accordingly known as the Erongo 
Tin Field. The first discovery was made in 1910 at Ameib, 
below the southern escarpment of the Erongo Range. Owing 
to the bare nature of the land, prospecting was easy, and 
deposits were soon found at Dawib, Aubinhonis, Tsomtsaub, 
Neineis, Uis, E^wab, Otjumue and Kohero. At all these 
outcrops the cassiterite is in veins and lenticular bodies of 
pegmatite, intrusive into the ancient schists, and related 
genetically to the older granites of the Erongo area. Cassi- 
terite is also found in veins of aplite and pegmatitic quartz. 
The pegmatite is usually a coarse-grained rock of greyish- 
white colour, and consists essentially of quartz, felspar and pale 
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greenish-white muscovite. In addition to cassiterite, the fol- 
lowing minerals are found in the pegmatite : tourmaline, garnet, 
magnetite, apatite, beryl, wolframite, monazite, columbite, 
molybdenite and lepidohte. Cassiterite and tourmaline ap- 
pear to exclude one another mutually, for the pegmatite rich 
in cassiterite is poor in tourmaMne, and vice-versa. Geolo- 
gical examination indicates that tourmaline was formed, in 
the vicinity of the parent granite and cassiterite farther away. 
The cassiterite is sporadically scattered through the pegmatite 
in large grains and crystalUne masses. The latter are often 
big, as is evidenced by the fact that a solid mass weighing 
550 lb. was found at Dawib. The cassiterite is usually yeUow- 
ish-brown in colour, and is remarkably pure. In the south- 
eastern end of the belt ruby tin is found. The cassiterite 
appears in some cases to have crystaUized at the same time 
as the other constituents of the pegmatite, but in other in- 
stances it is obviously of later origin, being developed along 
cracks in the pegmatite. In the latter cases, it is evident 
that the cassiterite and its accompanying muscovite have 
replaced the original quartz and felspar. Some of the larger 
veins of pegmatite enclose tabular masses of pegmatitic quartz 
containing cassiterite. This cassiterite is usually found 
along the contact between the pegmatite and the pegmatitic 
quartz, and it is noteworthy that the pegmatite then carries 
no cassiterite. The veins so far developed have usually 
proved to be poor and patchy, and disappear at a comparatively 
short distance from the surface. The results of mining have 
therefore proved disappointing. The only successful showing 
was at the Kohero East Mine, which had yielded 120 tons 
of concentrate before the war. The ore body had been opened 
to a depth of 92 feet, at which point the pegmatite disappeared. 
Below this point, the mica-schist is finely impregnated with 
cassiterite and tourmaline along the Une of fissure, and prob- 
ably further pegmatite bodies may be found below. Detrital 
deposits are found at many points, where the cassiterite occurs 
in sub-angular and rounded grains and fragments. Fairly 
good results have been obtained in some cases, but on the 
whole the deposits are poor and of restricted extent. The 
usual method of exploitation consisted in excavating by 
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pick and shovel, screening, and concentrating in hand-jigs. 
At Chatputz a storage dam was built for hydraulicing 
purposes, but this was destroyed during the recent campaign. 
Dr. Wagner also mentions in his report the occurrence of 
wolfram in the south-east part of the territory, to the south of 
Keetmanskop. The wolfram occurs in narrow veins traversing 
gneiss and gneissic granite. Though rich patches are found 
occasionally, the deposits have been too poor for systematic 
work. Much mining has been done on the properties by the 
South African Territories, Limited, an English company. 
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CHAPTER V 
AMERICA 

CANADA 

TIN has been recorded in Nova Scotia since 1868, but 
the finds, such as they were, proved of little value, and 
were all connected with drift material. Reports of 1906 
stated that tin ore had been found near Lake Ramsay in 
Limenburg county. 

The owner of the land was a man named John Reeves, 
who, hearing of the presence of quartz crystals, dug a small pit 
near his house about three-eighths of a mile south of Dalhousie 
Road, and 3 miles west of New Ross. In digging this pit 
kaolin and quartz crystals were encountered, with which 
was associated purplish-black fluorite. 

Charles Keddy had for some years been prospecting for 
tin ore in the neighbourhood, and found cassiterite while 
examining Reeves' prospect. A year later further samples 
were found to contain besides cassiterite, scheelite, wolframite, 
amblygonite, and other less important minerals. The Reeves 
Tin-mine is a 20-foot shaft on a pegmatite zone in aplitio 
muscovite granite. The pegmatite consists of feldspar and 
quartz, associated with which are muscovite, lepidolite and 
fluorite. The cassiterite is said to have occurred as nuggets 
in the open spaces among the other minerals. The pegmatite 
zone is 10 feet wide, and has been stripped for over 20 feet. 
It was thought that this was the full length of the zone, 
but development has shown that it may continue further 
towards the east. There is no distinct wall, and the zone 
graduates into the aplitio country rock. It is thus not a true 
pegmatite dyke, but an example of a very large scale " blow- 
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out," and is probably the result of deep sulphuric action and 
likely to extend to a great depth. The strike of the dyke 
is N. 65° E., and the dip is to the north-west and varies from 
75° at the surface to 60° at the bottom of the pit. 

The discovery of tin in Reeves' prospect led to a good deal 
of fiurther prospecting in the vicinity, with the result that 
several pegmatite and porphyry dykes were discovered. 
Traces of tin ore were found in some of the specimens, chiefly 
from a pegmatite dyke, 24 feet thick, discovered a mile north 
of " Never-teU " Lake, on a tributary of the Gold River 
6 miles south of Reeves' discovery. 

A vein in the granite was opened haK-way between Camp 
and Harris lakes, carrying tin and tungsten ore associated with 
copper pyrites and zinc-blende. Little work has yet apparently 
been done at this locality. The chief reports of this district 
may be found in the summary reports of the Geological Survey 
Branch of the Department of Mines for 1907-8-10-11-12. 

Apart from Nova Scotia, tin has also been found in the black 
sands of the Atlin district of British Columbia. In 1913 a 
sample of one ton of black sand was made from this locality, 
and is reported to have assayed 6-71 per cent, of tin. It was 
obtained from alluvial sluice boxes. Stream-tin is won in 
some of the Yukon placer deposits, and a little while dredging 
for gold. Tin-bearing minerals have been found in certain 
pegmatites of eastern Ontario and Quebec. 

Tin has also been found in Western Ontario in some bodies 
of sulphide minerals, in the vicinity of West Hawk and Star 
Lakes, near the boundary between Ontario and Manitoba. 
It appears, from articles on the subject by J. S. de Lury, that 
the tin is not sufficiently abundant for profitable extraction, 
but its manner of occurrence and mineral associations are 
interesting. 

The presence of tin so generally associated with granites 
and so commonly found with tungsten and molybdenite, 
shows without doubt that many of the constituents of the 
sulphide lodes came from the granite. It has been pointed 
out that the associations of minerals indicate a similarity 
in origin between the gold-bearing veins at the Lake of the 
Woods, and the mineral deposits of the district near the 
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boundary, which have been connected with the intnision of 
a particular granite. There is reason to hope that deposits 
of tin and tungsten will be found in the Lake of the Woods area. 
The wide distribution of molybdenite which has already been 
found there makes this more probable. 

According to the Annual Report for 1918 of the Canadian 
Department of Mines, the imports of tin in that year were 
valued at $4,204,532, and included tin in blocks, pigs and bars, 
3,474,340 pounds, valued at $2,492,257 ; tin-foil and bi- 
chloride of tin, valued at $135,167 ; and tinware and crystals 
valued at $1,577,108. 

The imports of tin in 1917 were valued at $5,656,665, and 
included tin in blocks, pigs and bars, 3,685,200 pounds, valued 
at $1,786,212 ; tin-foil, bichloride of tin and strip waste, 
valued at $267,249 ; and tinware and crystals valued at 
$3,603,204. 

There is also a large annual import of tin plates and sheets, 
the quantity in 1918 being 145,687,800 pounds, valued at 
$11,403,887, as against 133,351,700 pounds, valued at 
$9,985,631, in 1917, and 115,084,900 pounds, valued at 
$6,221,163, in 1916. 

Annttai, Impobts of Tin. 





Tin iu Blooks, Pigs 
and Bars. 


Tin-foil. 


Calendar Year, 












Pounds. 


Value. 


Pounds. 


Value. 


1910 . . . 


3,231,100 


S 

1,068,778 


866,751 


» 
114,602 


1911 . . . 


4,047,500 


1,623,670 


1,531,877 


176,602 


1912 ... 


4,894,700 


2,134,221 


1,316,882 


183,707 


1913 . . 


5,085,700 


2,252,324 


1,074,131 


188,779 


1914 . 


3,382,700 


1,191,466 


1,244,628 


173,088 


1915 . . 


2,912,600 


1,009,597 


1,002,413 


151,599 


1916 . 


3,457,500 


1,372,200 


1,507,318 


314,970 


1917 . . . 


3,685,200 


1,786,212 


938,217 


266,725 


1918 . . 

1 


3,474,500 


2,492,257 


533,648 


135,049 
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Annual Impobts of Tin (continued). 







(o) 

Tinware, 

etc. 


Tin 

Crystals. * 


Bichloride of Tin. 


Strip Waste. 


Calendar 

Year. 


Value. 


Value. 


Pounds. 


Value. 


Pounds. 


Value. 


1910 . 

1911 . 

1912 . 

1913 . 

1914 . 

1915 . 

1916 . 

1917 . 

1918 . 




$ 

389,040 

461,029 

540,599 

667,158 

650,987 

463,610 

1,301,008 

3,588,891 

1,568,807 


$ 
3,903 
4,370 
6,308 
8,077 
7,759 
9,852 
10,474 
14,313 
8,301 


31,219 
25,797 
36,045 
19,114 
200 

81 

12 

125 


$ 

3,846 
3,876 
6,595 
2,422 
29 

48 

6 

118 


5,335 
37,021 
16,620 


S 

138 
975 
518 



(a) Tinware, plain, japanned or lithographed, and all manufacture 
of tin, n.e.s. 



AUSTRALASIA 

(A) AUSTRALIA 

(i) QUEENSLAND 

(2) NEW SOUTH WALES 

(3) NORTHERN TERRITORY 

(4) VICTORIA 

(5) WESTERN AUSTRALIA 

(6) SOUTH AUSTRALIA 

(B) TASMANIA 

(C) NEW ZEALAND 
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CHAPTER VI 
AUSTRALASIA 

(A) AUSTRALIA 
(1) QUEENSLAND 

HE deposits of Queensland may be conveniently divided 
among the four following fields : — 

1. Herberton. 

2. Kangaroo Hills. 

3. Cooktown. 

4. Stanthorpe. 

The discoveries of tin in the different localities are shown 
below : — 

1854, at Stanthorpe. 

1872, opening up of Stanthorpe Mineral Field. 

1875, at Running Creek, Kangaroo Hills. 

1879, at Cannibal Creek, Palmer Gold Field, and Herbert 
River, Herberton. 

1880, at Dry River, Prospector's Gully, Herberton. 

1881, at Nettle's Creek, Coolgarra. 
1883, at Deep Lead, Herberton. 

1885, at Annan River Tin Field, Bloomfield River. 

1886, at Moimt Spurgeon. 

1887, at Pasooe River, Bowden Mineral Field. 

1888, at Koorboora Tin Lode, Chillagoe Mineral Field. 
1895, at Newelton, in Lancelot Tin Mine. 

1901, at Smith's Creek, Herberton Mineral Field. 

Queensland produces from between 60 per cent, to 72'5 
per cent, of the tin of Australia. The Chillagoe and Herberton 
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Gold and Mineral Fields (Walsh and Tinaroo) have supplied 
the largest amount, the total jdeld for those fields to the end 
of 1912 being 66,782 tons, equal to 49-62 per cent, of the whole 
production of the State. Stanthorpe is also a large producer 
(36-72 per cent.). 

Owing to the phenomenal rise of tin to upwards of £300 in 
1907, the pursuit of tin ore in this state ha^ acquired a fresh 
impetus, and prospecting for the metal has recommenced 
with renewed energy. Apphcations are being made on the 
northern fields almost daily for long-abandoned ground ; 
existing holdings are more vigorously developed, and attempts 
are in progress to work alluvial areas that have hitherto been 
unpayable. 

The following is a rough fist of the principal mines in the 
different districts : — 



1. Herberton 

Herberton area (Walsh and Tinaroo) :- 



Bischoff Mill. 
Black King. 
Boska. 
Bradlaugh. 

Deep Lead Extended. 
Froghole Extended. 
Good Friday United. 
Great Northeiji Freehold 
Tin Co. 

Chillagoe (Koorboora) area :- 
Grem. 

Two Jacks. 
Shakespeare. 
Tennyson. 

Watsonville area : — 
Consolation. 
Cuprite Consolidated. 
Great Western Tribute. 
King of the Ranges. 



Handicap. 

Stella. 

Monarch. 

Phoenix Tin Syndicate. 

Rainbow. 

St. Patrick's Syndicate. 

Extenuate. 



King Jack. 
Tommy Burns. 
Pioneer. 
Fairplay. 

United North Australian Mill. 

Klondyke. 

Separation. 
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Irvinebank area : — 
Don. 

Grovernor Norman. 
Irvinebank Smelters. 
Jack-in-the-Box. 
Lady Agnes. 
Marjorie. 
New Experience. 
Sailor Boy. 
Valetta. 
Consolidated. 
Mount Nolan. 

Stannary Hills area : — 
Gladstone. 
Lass o' Gowrie. 
Caledonia. 
Eclipse. 

2. Kangaroo Hills 

Lion. Momit Kidston. 

Lode HiU (China Camp). Momit Crystal. 

Christmas Gift. True Blue. 

Eureka. Lizzette. 



Great Southern. 

Gurrumbah Mill. 

Loudoun MiU. 

Joy. 

Lizzie. 

Mount Petersen. 

New Mount Agnes. 

Tornado and Vulcan Extended. 

Vulcan Tin Co. 

Wowser. 

You and Me. 

Extended. 
Great Eastern. 
Arbouin Tribute, etc. 



3. Cooktown 



Annan River. 
Lode HiU. 

Surprise Sluicing Co. 
Mount Leswell. 
CoUingwood. 



Mount Amos. 

Phoenician. 

New Queensland T.S. Co. 

Daly's Face. 

Coronation Claim. 



4. Stanthorpe 



Stanthorpe area : — 
Allison's Dredges. 
Anderson's Dredges. 
Broadwater. 
Chalmers. 
Devonia Dredge. 



Model Dredge. 
Mount Marley Dredge. 
Murphy's Co-operative Tin, 

Ltd. 
Red Hill Dredge. 
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Stanthorpe area (continued) : — 
Dalcouth Dredge. Rover Dredge. 

Farrer's Dredge. Sugarloaf Dredge, etc. 

Lode Creek Dredge. 

BaUandean area :— 

Beehive. Stanton. 

Comet. Sundown, etc. 

Gilchrist and Johnstone. 

The following details concerning the principal mines of 
the four tin-fields have chiefly been gathered from the annual 
reports and the various articles in the bibliography. 

1. Herberton 

Herberton is a township in the county of Cardwell, 70 miles 
north-north-west of Rockingham Bay. 

The coimtry is very rugged, being cut by the main dividing 
range of Queensland, and averages about 3,000 feet above the 
sea, while the Herberton range lies on the eastern side of the 
field parallel to the coast. 

As already shown in the above list of mines, the chief tin 
areas of the Herberton field are Herberton, ChiUagoe, Watson- 
ville, Irvinebank and Stannary HiUs. 

Reports by Jack, Skertchly, Cameron and others have been 
issued by the Geological Survey of Queensland from time to 
time. 

The lodes Ue within an atea of about 2 square miles, within 
country-rock of normal biotite granite, traversed by numer- 
ous dykes of elvan ; the ore-bodies are very rich but most 
irregular in character. 

The chief mine at Herberton is the Great Northern Freehold. 

In 1918, consequent upon the discovery of high-grade 
ore in the adjoining Froghole Extended Mne, some good 
exploratory work was done in the No. 3 workings of the Great 
Northern Freehold, and two parcels of good- grade ore were 
obtained. The recent overhauling of a section of the gully- 
shaft of this mine from the surface down to 40 feet has opened 
up a new body of rich ore. The battery lately installed com- 
menced crushing early in 1918, and worked continuously 
throughout the year. 
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Among other mines in this locality may be mentioned the 
Extemiate Mine, where ore discoveries have been recently 
made alongside previous workings. The ore is treated at 
Perseverance Mill, Silver Valley, and in 1918 yielded from 
I'J per cent, to 33 per cent, of high-grade black tin per ton. 
Good Friday United Mine proved high-grade ore to a depth of 
220 feet, and much prospecting has been carried on in the old 
and new Bradlaugh mines. In the former, an oil-driven 
winch has enabled the owners to drain the workings and locate 
a rich shoot of ore in a winze below the tunnel level. The 
Consolation Mine in 1918 derived all its tin from a new and 
extensive ore-body. About 60 tons weekly were treated at 
the Bischoff Mill for five months continuously, after which 
time the water supply proved insufficient, and work had to be 
Kuspended. 

In the Chillagoe area the Two Jacks Mine at Koorboora 
stands alone in the production of tin ore both in quantity 
and value. There are two new fields, one known as Mount 
Grappa, situated at the top of the Watsonville Range, and 
the other the Myra, lying in the copper belt a short distance 
north-west from Herberton. The former has yielded 500 tons 
of easily-won 2 per cent, ore, and the latter, highly payable 
results of 4^ per cent. ore. 

At Watsonville, the lodes which occur along a joint path of 
porphyry and greywackes and slates, are regular both in shape 
and richness ; the ore occurs in bunches, separated by barren 
rock. The largest producer is the United North-Austrahan 
Mine, where the ore is derived mainly from old dumps, faces 
and stopes. In 1918 numerous low-grade dumps lying in old 
abandoned mines were profitably treated at the United North- 
Australian MUl. 

In the Irvinebank field most of the mines lie in a hiUy 
country, where the lodes occur in folded greywackes, quartz 
and slates. The majority of the ore deposits are in the coarser 
(two former bodies), and merge into barren rock as in the 
igneous rock lodes, though they are not so irregidar. The 
lode material is a fine-grained green rock of altered sediments 
with secondary quartz, chlorite, tin, magnetite, etc. At 
Irvinebank is the Vulcan Mine, which is the deepest in Aus- 
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tralia. Mr. Herman has given some information about this 
mine, condensed from Cameron's report. 

The outcrop occurs near the eastern edge of a belt of grey- 
wackes about 5 chains wide, with north and south strike 
and nearly vertical dip ; to the east and west are slates and 
schists. At the outcrop the ore-body measured 38 feet by 
16 feet, and was vertical to an adit level at 80 feet deep ; it 
then underlay steeply to the west-north-west. Prom about 
this adit level a shaft was sunk. At 100 feet deep the lode 
was 70 feet by 25 feet ; at 180 feet it was 85 feet by 30 feet ; 
below 180 feet deep the large body gave place to a few small 
grains of ore, leading down in different directions. One of 
these veins was simk on by a winze dipping south-west, and, 
after widening out, disappeared at 320 feet. Fuller details 
of other veins and cross-cuts are described in No. 14 of the 
Proceedings of the Australian Institute of Mining Engineers 
for 1914. The total shaft is 1,450 feet deep, and ore has been 
found down to 1,200 feet deep. 

Just previous to the war, the annual value of the output 
was between £28,000 and £29,000. 

In 1918 the Vtdcan Mine occupied the fourth place as a 
producer, the whole of the ore being derived from deposits 
at shallow levels either contiguous to or trending towards 
old workings. New discoveries in virgin ground have yet to 
be made. 

The next mine in importance in the district is the Governor 
Norman near Irvinebank, belonging to the Irvinebank Mine 
Company. The Company acquired and reopened in 1917 
the Mount Petersen Mine, where low-grade ore yielding only 
1 per cent, black tin is being payably treated. Preparations 
were made to open-cut the ore body from the surface. In 
1917 this mine yielded the greatest quantity of ore in the 
Herberton field. It was mined from two large ore-bodies 
which had been developed during the early part of the year. 
The ore is sent by a branch ropeway to hoppers, and connects 
with the main aerial ropeway from the Governor Norman Mine 
to the Irvinebank MiU. 

The Whelans Consolidated Mines Syndicate is installing 
a much-needed winding plant, and the chief work now in hand 
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is the deepening of a vertical shaft on the lode, from which 
to further develop the valuable contents of the fissure. It was 
estimated that early in 1919 the mine would be productive 
for some considerable time. 

The Adventure Mine, about 5 miles south-west of Irvinebank, 
has been worked to over 250 feet, and the Pandora Mine to 
about 150 feet. They are both in greywackes. 

In 1918, at the former mine, eight head of light stamps, 
driven by an oil-engine and aided by a flying-fox for cheap 
transport, have been erected for economic treatment of old low- 
grade dumps as weU as for freshly-mined ore. No. 2 tunnel 
has been cleared out to enable the holders to proceed with 
development. This property was originally reopened up, 
and should prove worthy of the renewed interest taken in it. 

Among other mines of the Irvinebank district may be 
mentioned the Wowser, Columbia, Panorama and Lady Agnes. 

The Stannary Hills district is in an area of greywackes and 
slate, 3 miles by 1 mile, surrounded by granitic rocks ; the 
important ore-bodies are in a belt of greywackes 800 feet thick, 
Ijdng between slates. The most important mines in this 
district are those operated by Messrs. J. Darling & Sons. 

In 1917 extensive and very payable ore-bodies were located 
in the Arbouin Mine, and developed by means of tunnels and 
winzes. An aerial ropeway for transporting the ore was under- 
going renovation during the year. 

Towards the end of 1918 repairs and additions to a portion 
of the mill at Rocky Bluffs were in operation, and crushing 
started for one shift daily. An increase was expected in 1919. 

Among other mines in the district are the Ivanhoe, Kitchener, 
Extended, and Lass o' Gowrie. Other centres of operations in 
the Herberton district are Emuford, Coolgarra, BakerviUe, 
Cassowary Creek, Wild River, etc. 

In 1918 several tons of alluvial tin were sent down from the 
rugged moimtainous regions lying forward of the upper waters 
of the Mitchell River, the chief producers being the holdings 
on Mount Spurgeon, but minor quantities were obtained 
from Mount Holmes. 

In the Herberton district in 1917 there were 159 head of 
stamps for crushing tin ore, and a jigging plant concentrates 
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low-grade ore. Of the stamps, none were working continu- 
ously ; fifty-five were dropping intermittently, and 104 were 
idle. There were also ten rock-breakers at the various mills. 
For the treatment of tin ore in the Chillagoe district there 
were twenty-five stamps, ten of which were idle, five were 
working occasionally, and ten were dropping almost continu- 
ously for one shift per day. The Bamford State Battery was 
in a position to treat tin ore early in 1918. 

2. Kangaroo Hills 

In the Kangaroo Hills district there has been renewed atten- 
tion to the lodes of the field and to the erection of batteries to 
deal with the ore being or to be won, on account of the general 
rise in prices. Alluvial mining is also energetically carried on. 

The principal mine at Moimt Kidston is 217 feet deep, at 
which level the ore-body is 50 feet by 60 feet. Since the erec- 
tion of a miU in 1911 this mine has produced 200 tons of 
concentrate ; the grade of ore treated is 2 per cent, oxide. 

According to the latest Government Report the Kangaroo 
Hills Mining Syndicate has moved their ten head of stamps 
from Mount Kidston to the old site at Ewan. They are re- 
opening the Christmas Gift, True Blue and Eureka mines,, 
which in the past turned out small quantities of good ore. 

The Mount Crystal Tin Mining Company was formed to take 
over the Dawn of Hope Mine, near Mount Kidston, but un- 
fortunately capital has not been sufficient to carry out the 
objects in view. According to the annual report for 1918 the 
dam erected at the head of Spinnifex Creek has been washed 
away and the new battery is not yet ready for crushing. 

3. Cooktown 

A detailed account of the geology and mineral resources 
of the Cooktown District Tin Fields is given in Publication No. 
250 of the Queensland Gteological Survey for 1916, by E. C. 
St. Smith. The stanniferous deposits are divided into (as) 
alluvial deposits, e.g. Annan River, etc. ; (b) lodes, e.g. 
Mount Amos and Mount Leswell, etc. ; (c) contact deposits, 
e.g. Annan River Co.'s deposits at Daly's Face and Colling- 
wood, Lode HiU, Coronation Claim at Romeo, etc. 
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At Rossville (Annan River Company) the rock treated 
consists of decomposed stanniferoxis greisenized, tourmaline 
granite, adjoining tlie slate-granite contact. Water for the 
sluicing is obtained from the Collingwood Race, and by pump- 
ing from the Wallaby Creek. The plant is most up-to-date and 
of very great capacity. During 1918 the Company was only 
able to sluice during four months of the year owing to shortage 
of water, but the main race has now been overhauled and re- 
paired,and a much-increased output is expected in 1919. Other 
localities where sluicing has been carried on during the past 
year include Winnifred United and New Woodlands. The 
Moimt Hartley centre has attracted considerable attention. 
New leases have been applied for, and a good road made to 
connect it up with Rossville. 

The Mount Amos Field is near the coast at Mount Amos Bay ; 
dykes of a bluish-grey felspar porphyry include the slate 
country on the ridge along the steep track to the Phoenician. 
It is usually found here that where tin-stone occurs in a quartz 
matrix, it is very fine granite, but when found in tourmaline 
assumes a much coarser structure. Mr. St. Smith considers 
that the numerous lodes in the district are unsuitable for 
Companies, but would pay small parties of working miners who 
would limit themselves either to prospecting for new lodes or 
else searching along the strike of the already open ones for 
new shoots of ore. 

At Lode Hill, on Bloomfield River, the greisenized granite 
has been greatly decomposed. It is removed by hydraulic 
means and is said to yield an average of IJ lb. of tin- stone 
per cubic yard. 

4. Stanthorpe 

The Stanthorpe district is the most southerly of the Queens- 
land Tin Fields, and is within easy reach of both Brisbane 
and Sydney. The tin is won from lodes and by dredging. The 
lodes occur chiefly along granite and in elvin dykes in the 
granite. Tin-bearing veins have also been worked in clay 
slate, apparently near the granite contact. 

The field may be divided into two districts — Stanthorpe 
and Ballandean. 
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(1) Stanthorpe District. — In Sugar-Loaf Creek dredging 
has been carried on, and a certain amount of alluvial mining, 
but many of the mines have been idle for some time. There 
is a portable dredge at Four-Mile Creek. The alluvium along 
this creek has never been phenomenally rich and is character- 
ized as being very patchy as regards tin values. The stream- 
tin is of high purity, estimated at 75 per cent. Dredges are 
also at work in Spring Creek, Blue Mountain Gully, Swamp 
Creek, Severn River, and Thirteen-Mile Creek, and a certain 
amoimt of tin is won by sluicing in Lode Creek, Broadwater 
River and Nine-Mile Creek. 

(2) Ballandean District. — Considerable activity is shown 
in connexion with the lode mining at Redrock Creek, Car- 
penters GuUy, Stanton and Sundown. The three first local- 
ities are situated along the Redrock Creek and its tributaries, 
about 25 miles from Stanthorpe, while the Sundown area hes 
one mile south-west of the nearest point (Carpenters GuUy) 
of the area already referred to. The essential rock formations 
are Permo-carboniferous, intruded by the fine-grained acid 
granite, and thus they present no difficulty. All geological 
details of this and other districts are fully dealt with in 
the Queensland Geological Survey Pubhcation, No. 243, 
1914. 

The most important shallow cuttings in Redrock Creek are 
made by the Beehive Company at various points along the 
contact zone, in which seams and veins of tin-stone, usually 
accompanied by greisen, have been exposed. The various 
leases owned by the Beehive Mining Company, Limited, are 
described on pages 115 to 120 of the above-mentioned publica- 
tion. Carpenters Gully forms a left bank tributary of Redrock 
Creek. The lode tin-mining here has also been confined to the 
contact zone. 

In 1913 the only work carried on here was by Messrs. Gil- 
christ & Johnson, near the head of the gorge. The tin-bearing 
seams have, in most cases, a general east-west trend, and dip 
to the south-west. The stanniferous veins occur from the 
edge of the shaft to across the southern wall of the winze. 
Tin was stiU showing in the working veins in 1914. There were 
four shafts being worked in 1914. Traces of tin have recently 
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been found through the rock, covering an extensive area about 
the shafts and old cuttings, but no true lode has apparently 
been exposed up to the present. 

The Stanton mines are not yet of much importance. The 
chief leases are Benjamin's Block, Clark's, CoUins' Block, and 
numerous other smaller leases. The granite is exposed by 
denudation along the banks of the stream, and occupies most of 
the area. Slate, however, is seen at the north-eastern and 
south-western corners. It is sometimes shattered, and in 
places approaches a breccia in structure. 

The Simdown area consists of slates, from which numerous 
veins of tin and copper ore appear. The only mine being 
worked at the end of 1913 was the Sundown property itself. 
The water for sluicing purposes is obtained from Sundown Creek, 
which flows close to the main workings. Veins of ore appear to 
occupy the main line of cleavages in the slate, and hence 
possess a north-east and south-west strike. 

The return for 1918 of the entire Stanthorpe District was 
worth £36,768, an increase of over £6,000 on the previous year. 

Cassiterite occurs in the shore sands near Currumbin Creek 
in association with gold, platinum, etc. 
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(2) NEW SOUTH WALES 

The first authentic tin discovery in New South Wales was 
recorded in 1824, when traces appeared in the Upper Shoal- 
haven River about 150 miles south-west of Sydney. 

Various other discoveries were made every few years till 1871, 
when for the first time tin-mining was put upon an industrial 
basis. This was brought about by Mr. C. S. McGlew, who, 
three years before, had found a vein of tin-stone near Bungonia 
on a tributary of the Shoalhaven, which proved unworkable 
in payable quantities. The tin was first found by a shepherd 
named Wills near InvereU on the Macintyre River in the north- 
em district. Soon afterwards this discovery became known to 
Mr. McGlew, who, after obtaining several samples of the ore, 
washed out over 6,000 lb. at the Macintyre River. 

Eventually McGlew induced Messrs. Brown, Barron & 
Austin to undertake the financing of the enterprise, and the 
so-called Elsmore mines were ahenated to them by Crown grant 
in February of the next year. 

In 1871 tin was also discovered at Oban, 40 miles north- 
east of Armidale, and the first tin leases were surveyed before 
the end of the year. 

In March, 1872, Thomas Carlean foimd tin near the source 
of Vegetable Creek. The site was successfully worked by the 
Great Britain Tin Mining Company, by simple methods which 
have since been replaced by the method of nozzle-sluicing 
under stream pressure. 

Tin ore occurs in the extreme Northern, Southern, and 
Western divisions, but the proved area of workable quantities 
is limited practically to the western fall of the New England 
Tableland, with EmmaviUe and Tingha as the chief centres. 
It has been discovered also in small quantities in the Barrier 
district, at Poolamacca and Euriowie ; near Bombala, in the 
Monaro district ; at Gundle, near Kempsey ; at Jingellio and 
Dora Dora, on the Upper Murray ; in the valley of the Lachlan ; 
and in fine particles in beach sands along the coast, in associa- 
tion with gold, platinum and monazite. 

The list of mines given by Herman, starting in the south-east, 
is as follows : — 
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Burra Creek. 

Dora Dora. 

Germanton. 

Tolwong. 

Broken Dam. 

Buddigomer. 

Yalgogrin. 



Gamble. 

Fifield. 

Mount Tallabong. 

Waukeroo. 

Emiowie. 

Gundle. 



Aedlethan and Bygoo. 

Elantappa. 

Oban. 

TiNGHA. 

Dumboy. 

Bald Nob, Red Hill. 

Emmaville. 

Wilson's Downfall. 



All these have been fully described by Carne in publication 
No. 14 of the New South Wales Department of Mines Geological 
Survey. This work is entitled Tin Mining Industry and 
Distribution of Tin Mines in New South Wales. 

It is a book of over 300 pages, with large scale maps of the 
principal mining districts, with geological sections, etc. 
It has, therefore, been considered sufficient here merely to give 
details of the principal fields, which have been taken from the 
annual report of the Department of Mines for 1918. 

The value of the tin and tin ore produced from the tin-fields 
of this state to the end of 1918 is £11,51 1,880. 

The value of the output for the year 1918 is £548,876, as 
compared with £373,696 in the preceding year, thus showing an 
increase of £175,180. 

The dredging plants furnished a yield valued at £282,388, 
or an increase of £99,232 on that recorded for the year 1917. 



Peel and Uralla Mining District 

Tingha Division. — The yield for 1918 is estimated at 690^ 
tons, valued at £152,000, as compared with 600 tons, valued 
at £90,553, for the year 1917. 

Of the yield quoted above, the dredges (mainly hydraulic 
sluicing plants of various types, some large and some small, of 
which there are twenty-five operating at present) produced 
444 tons, valued at £102,322, treating in all 892,711 cubic 
yards of material or wash dirt to obtain this result. 

The value of the different dredges operating on the field 
for the past year is estimated at £65,000, and the number of 
men employed by them is approximately 280. 

Q 
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The field generally finds employment for practically 550 
men, exclusive of wood carters, etc. 

The price of the mineral in the early part of the year was 
responsible for considerable activity, and the dredges as a 
whole had a consistent and continuous run for six months ; the 
latter half of the year proved disastrous to most of the plants 
as they were held up on account of the severe drought prevail- 
ing in the division, whilst the unstable price ruling for the 
mineral prevented many from continuing their operations ; 
this factor also to a great extent militated not only against 
the production, but was also responsible for numbers of areas 
not having machinery placed on them, although dredging 
machinery on account of war conditions could not, except 
under prohibitive prices, be obtained. 

The field as a whole shows no indication of decadence ; it 
has been much more active in the past few years than it was for 
previous years, and its life at present indicates no short Hmit, 
whilst it has a possible big future for areas containing lower 
values, of which there are many in the district, that could not 
be treated profitably except by the expenditure of a large 
amount of capital in water conservation and up-to-date 
machinery; these areas may probably lend themselves to 
successful and profitable treatment i£ dealt with on a large 
scale. 

Stream-Tin (Deep Leads, etc.). — The yield for stream-tin 
for the division is estimated at 246| tons, valued at £49,416. 
In all approximately 400,000 loads were raised and treated. 

The chief leases are those of Jira, Proud & Co. ; Sidney 
Cooper ; Williams and party, Arentz ; Phoenix Mine ; and 
Locke. 

Lode Tin. — A very large and promising tin-mining proposi- 
tion about 1^ miles south-east of Stannifer is being steadily 
developed by the proprietors, Messrs. F. S. Thomas and party. 
The reef which was first discovered by Stormer Bros., some 
eighteen or twenty years ago, had been sunk to a depth of 60 
feet, and about 16 tons of tin were obtained without any levels 
being put out to find the value or determine the width of the 
lode formation, and as the price of tin at the time was very 
low, the mine was abandoned. The chief mission of the present 
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party is to discover and determine the real value and width 
of this very important reefing proposition, and to this end a 
vigorous policy of developmental work is at present being 
carried out on the large body of ore within the reef chaimel. 
" A " level up to the present has been extended to 16 feet 
without as yet meeting the other wall of the system. For the 
full distance of the level, 16 feet, excellent prospects have been 
obtained, and are improving as the level is being extended 
across the lode formation. The successful development of 
this mine should have an important bearing on the reefing 
systems in the division ; when the real value of the mine is 
known the enterprising proprietors will erect a battery so as to 
deal effectively with the enormous quantities of ore available. 

Promising indications have also been discovered at the 
Newstead Mine in the county of Gough. There is a large 
greisen mica-bearing outcrop which is shown upon the surface 
for about 1,700 or 1,800 feet; this formation carries tin. A 
permanent shaft was being sunk in 1918. 

The Bygalow Mine in Long GuUy shows a promising reef. 

Glen Innes Division. — ^The yield for the year is estimated 
at 143J tons, valued at £31,303, being a considerable increase 
on the figures for 1917, which were 188 tons, valued at £22,886. 
Of the total amount the dredges were responsible for 123J 
tons, valued at £27,703, the balance being obtained by miners 
with ordinary hand appUances, the fossickers working on old 
and abandoned groimd. The yield for the year would have 
been considerably greater if normal conditions had prevailed. 
The season had been very dry, and the majority of the alluvial 
miners had no opportunity of washing all their dirt for many 
months. 

At Hogue's Creek, for example, the miners were unable 
to treat their wash- dirt since February, and many thousand 
loads of dirt lay at grass awaiting rain. The yield for 1919 
should be considerably greater, as several large dredging pro- 
perties have been acquired at Backwater, Oban Eiver and other 
places, and operations were to commence early in 1919. The 
value of the machinery now in use for the production of tin 
is estimated at £17,805, and 264 men were employed. 

Many fossickers and miners are engaged working alluvial 
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deposits at Bald Nob, Hogue's Creek, Mann River, Severn 
River, Mitchell River, Backwater, Oban and Pinkett with 
ordinary hand appliances. During the year it is estimated 
that about 20 tons of tin, valued at £3,600, were won by these 
methods. 

Bendemeer Division. — ^The operations of the Don Tin 
Dredging Company and Watson's Creek Tin Sluicing Company 
at Watson's Creek, were restricted owing to scarcity of water. 

The yield from the Bendemeer Division for 1918 was valued 
at £5,800 from aU sources. 

Inverell -Division.— The yield for the year is estimated at 
37 tons 1 cwt., valued at £7,743, as compared with 20Q tons, 
valued at £32,645, for the year 1917. Of the 37 tons quoted, 
26^ tons were won by fossickers working at Gilgai, Elsmore, 
etc., 5^ cwt. represents lode tin, and the balance was obtained 
by dredges. 

Wilson's Downfall Division. — ^The yield for the year 
1918 is computed at 155 tons, valued at £34,440, being 28J 
tons in excess of that obtained during 1917, and in excess value 
£17,000. 

The division at the commencement of the year was exten- 
sively mined by dredges, miners with small plants, and fos- 
sickers. Towards the close of the year operations practically 
had to cease on accoimt of the limited supply of water and the 
dechne of the tin market. Had it not been for the unstable 
market existing, the figures for 1918 would have been much in 
excess of the figures given. As it is, the yield constitutes a 
record for the division. Of the total output the dredges pro- 
duced 127 tons, the balance being obtained by fossickers or 
individual miners working at Ruby Creek, WyMe Creek, 
Cemetery Creek, and other stanniferous leads in the divi- 
sion. 

The principal leases included in this area are Turner and 
party, G. A. Stonebridge, A. HoskLng, and the leases on the 
Maryland River. The method of working is chiefly ground- 
sluicing with a certain amount of dredging. The scarcity of 
water, however, has proved a great hindrance, especially in the 
leases of the Maryland River. If small suitable suction 
dredging plants were utihzed, there is no doubt that many 
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parts of the river frontage could be profitably worked. There 
is no area large enough in itself for a big plant. 

The leases include those held by Brown (Middle Creek) ; 
MacDonald (Delungra) ; Scott & Gray (Gilgai) ; Rooney 
(Ponds) ; Gardiner (Auburn Vale) ; and the Elsmore New- 
stead Junction Deep Lead, which has only recently recom- 
menced work. 

New England Mining District 

Emmaville Division. — ^The yield for the year is estimated 
at 873| tons, valued at £192,115, as compared with 936 tone, 
valued at £141,568, for the year 1917. Of this amount the 
dredging plants operating on the field, with machinery valued 
at £92,660, produced 604 tons, valued at £110,880, treating 
in aU 1,173,933 cubic yards. 

The dredges found employment for a great number of men. 
The lode returns for the field were 6| tons of tin oxide valued at 
£959, whilst the tin won by fossickers operating on abandoned 
ground at Vegetable Creek and the different stanniferous 
ground produced 95 tons, valued at £17,693, and the deep 
leads accoimted for 268 tons, valued at £62,582. The tin 
industry in the EmmaviUe district affords employment for 
over 700 people. For dredging and alluvial mining this 
was one of the worst years on record, owing to the drought, 
several of the plants having to close down for a large portion 
of 1918. Had the field been favoured with anything like 
normal rain, it was anticipated that the present tonnage of 
tin would probably have been doubled. 

The Vegetable Creek Tin Mining Company has once again 
proved itself easily the biggest producer of tin in the New 
England District and probably for the whole state. This 
company holds 515 acres of ground in the parish of Hamilton, 
and employs 90 men. The value of the machinery is 
estimated at £6,000. During the year 1918 the company 
raised 7,500 tons from their deep lead shafts, which on treat- 
ment jiclded 268 tons of tin oxide, valued at £62,582. Tin 
was produced at three shafts during the year, namely Allen's, 
Gordon's and Chandler's ; blocking-out only has proceeded at 



230 TIN RESOURCES OF THE BRITISH EMPIRE 

AUen's, and about another year's work remains to be done at 
this shaft. Grordon's shaft was connected to Skinner's shaft 
workings during the year, so that the lead has now been 
opened up right from the old Phoenix shaft, where it was left 
many years ago, to the old workings below Chandler's block. 
Considerable development and also blocMng-out was done at 
Gordon's during the year, and the bulk of the tin won came 
from this shaft. Underground operations at Chandler's shaft 
ceased just before the close of the year, all wash having been 
extracted. Reid's shaft, on portion 744, Strathbogie, was 
abandoned owing to the impossibility of coping with the 
influx of water. 

Deepwater Division.^The yield for the year 1918 is 
estimated at 20 tons, valued at £4,756, as compared with 22 
tons, valued at £3,227, for the year 1917. Of this output 
dredging accounted for 14 tons, the balance being won by 
fossickers with ordinary hand appliances at Stannum, etc. 
The year 1919 should see an extension in the dredging industry, 
as several large areas as dredging leases have been secured 
in the vicinity of Stannum, and plants wiU be erected on same. 
The method of treatment at Stannum on the different leads 
in the past has been by the bucket dredge. It is now under- 
stood that at least one hydraulic sluicing plant will be erected 
to work the ground, which is of a clayey nature. 

Torrington Division. — ^The yield for the year is estimated 
at 90 tons 4 cwt., valued at £18,300, being 13 tons less than the 
year 1917, the figures for that year being 103 tons, valued at 
£15,510. 

The lode mines in the division contributed 36 tons to the 
year's output, whilst fossickers and others accounted for the 
balance. It was anticipated that the yield would have been 
larger, but the division has experienced a remarkably dry 
spell, and two principal producers from lode mines were 
hung up repeatedly for want of water. There is a bright out- 
look for mining for this mineral for the year 1919, as several 
areas around the district have been secured under dredging 
lease. 

The properties working include : The Butler's Tin Mine, on 
-^vhich lease there is a battery and other appliances valued at 



AUSTRALASIA 231 

£5,000. The Company employs 20 men, and during 1918 
raised 766 tons of lode-bearing material. 

Hart's Tin Mining Company has similar machinery to the 
above and employs the same number of men. Six hmidred 
tons of ore were raised in 1918. The futm-e of this mine 
appears to be promising if a supply of water could be 
obtained to maintain their battery. Geo. Clarke raised 25 
tons of ore, but suffered through lack of machinery ; Tobin 
Bros., who hold a lease and mineral claim of 44 acres at 
Tungsten ; Edward Linfoot and Arthur Lahz at Torrington 
on Bald Rock Creek, and Geo. Hackett on a small claim also 
near Torrington. 



Lachlan Mining District 

Yalgogrln Division. — During the year 148 tons of tin were 
treated for a yield of 4 tons 3 cwt. of concentrates, valued 
at £1,072. This is an increase on a production worth only 
£420 during 1917. 

The chief claims are those of Ryan and party at Mulyan, 
T. H. Beattie, adjoining the above, D. J. Mulcahy at Mulyan, 
Edward Connelly at Boreamble, Payne and party at Restdown, 
and Wall and others who continued work at Conapaira. 

Ardlethan Division. — ^The progress and output of the 
field during the year has been most satisfactory. The value 
of the output has been enhanced by the high price for tin 
ruling over a large portion of the year, but the industry has 
also been hampered by the high cost of all mining stores, 
machinery, steel, explosives, etc., the scarcity of water during 
the latter part of the year, and the increased cost of mining 
generally. The ore produced and treated yielded concentrates 
which realized a total value of £77,383, as against £62,069 
for the previous year ; added to this, unsold concentrates to 
the value of about £4,000 are held, and the ore at battery, 
not yet treated, will yield over £20,000, so that the total are 
for the year amounts to over £100,000. The total yield from 
the inception of the field, a little over six years, amoimts to 
£343,383. 
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Notwithstanding the cost and diificulty of obtaining and 
erecting machinery, the year has seen a very commendable 
spirit of enterprise manifested in this direction, no less than 
three new and efficient batteries having been brought to the 
field, one of which, the Carpathia, has been erected, while the 
others, i.e., the New Venture and Litton's at Bygoo, are in 
course of erection as hereafter mentioned. The Carpathia lease 
has again been the largest producer, the output obtained from 
1,628 tons of ore amounting to £33,205 in value. The mine 
is equipped with a first-class ten-head battery with the accom- 
panying jigs, grinding pans, Wilfley tables, frue-vanners, 
and rotary tables, as weU as a furnace for roasting and getting 
rid of sulphur and other impurities. 

The following table shows the output of the mine since its 
inception. It will be observed that the total output has 
realized £156,547 from 17,435 tons, an average value of £9 
per ton. 

Output of Carpathia Mine. 



1912 . . . 

1913 . . . 

1914 . . . 

1915 . . . 

1916 . . . 

1917 . . . 

1918 . . . 

Total 




Value. 



£ 

4,000 
35,629 
21,542 
20,854 
16,763 
24,554 
33,205 



£156,915 



In addition, large reserves of ore are available at grass and 
in the mine. 

The next mine in importance is the Big Bygoo. During 
1917 the mine employed thirty men and gave the owner 
(Mr. Litton) a gross return of £6,782, and in 1918 a gross 
yield of £10,121 from 1,303 tons of ore, the average value 
being nearly £8 per ton. During the year Mir. Litton installed 
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the following plant, viz., one 15-H.P. boiler, one air compressor 
with rock drills, a steam winch for hauling (with shed), a 
change house and bathroom for miners, a large boarding 
house, and a yard of 250 cubics with drains. 

Considerable additions are being made to the plant. 

At Drumlish Hill Mine, further work has been carried out 
with success, the value of the output realizing over £1,000. 

Returning to the main Ardlethan field, the New Venture 
next demands attention. During the year 5,930 tons of ore, 
with a monetary return of £7,500, have been produced. 

A new plant, consisting of twenty head of stamps, is in 
course of erection, and as development work has been pushed 
ahead in the extensive alluvial deposits, as well as on the 
various lodes contained in the Company's lease, the whole 
plant should be fully employed. The output of the White 
Crystal realized some £2,971. Work has been carried on by 
the Company chiefly in and about the open cut above the bat- 
tery, and in Murphy's shaft, and further ore deposits of mode- 
rate value have been discovered. Most interest has centred 
around Stackpool's block, where Rene Dubois, in tributing, 
discovered a very rich pipe from which splendid returns were 
obtained. Over £1,000 was reahzed from this source, and 12 
tons of concentrates, having a probable valueof nearly £2,000, 
were unsold early in 1919. 

As regards other mines, the Homeward Bound obtained 
nearly 17 tons of concentrates from 450 tons of ore. The 
Killarney returned 200 lb. from 28 tons of ore. The Perse- 
verance gave 70 lb. from 17 tons of ore. The Commonwealth 
was reopened, and prospecting has resulted in new bodies 
of ore being discovered. All these mines suffer from a lack of 
water and a cheap and efficient treatment of ore. Other 
mines are those owned by Chfford & King, Cunningham, 
and Walter & Mason. 

Junee Division. — ^During the year the Dullah Tin Field, 
near Ganmain, was transferred from the Narrandera to the 
Junee division, and several inspecting and administrative 
visits have since been made by the Warden. The principal 
mine — Mrs. Wake's — is down about 160 feet, with levels 
driven over 100 feet north and south. The ore appears to 
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occur in a soft fissure in sedimentary rock, with a well-defined 
hanging waU, and while not rich is consistent in occurrence 
and in value, the channel being about 3 or 4 feet wide. Nearly 
the whole of the output of the field, amounting to about 10 
tons of cencentrates, value nearly £2,000, came from this mine, 
being treated at a five-head battery near by. 

Mmrphy, Turner, AUen and others have been carrying on 
prospecting operations in adjacent areas, but with indifferent 
success. 

Tumut and Adelong Mining District 

Tumut Division.— Tin valued at £64 was recovered at 
Sandy Creek, Argalong, by D. L. Herlihy in his sluicing opera- 
tions there. Parties are undertaking considerable expense 
prospecting for the lode, but so far without success. 

Tumbarumba Division. — ^The value of the output was £89, 
obtained by sluicing at the Burra. Jingellic did not produce 
any tin, notwithstanding the high prices ruling for that metal. 
One himdred tons of ore raised have not yet been treated. 

Holbrook Division. — ^The total value of tin won in this 
division during 1918 is £465 15s. F. Heather, an old pros- 
pector, sluiced 500 cubic yards for 4 cwt., valued at £45. This 
was at Kildrummie, Holbrook. 

Morgan and party raised 2 tons of ore, worth £400, at Basin 
Creek. J. E. Musgrave, who only prospects in his spare time, 
raised 1 cwt. 3 qr. of ore, worth £20 15s. 

Cobar Mining District 

Euabalong Division.— Tin-mining is the chief industry. 
There has been good progress made during the year 1918 by 
Crowe and party. One new shaft has been sunk, 60 feet deep, 
with satisfactory prospects. At different drives, also, some 
stone and dirt removed from near the surface has been found 
good in quality and plenty of it. The progress of the mine 
was slightly hampered during the period, owing to the dry 
weather conditions. Rainfall for the year has been low, and 
scarcity of water makes conditions bad. 
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There are nine men employed in the mine. The surround- 
ing country about the mine has a prosperous appearance of 
mineral stone. The manager of the mine is well pleased with 
the returns of the mine, and expects good operations for the 
year 1919. 

The following table shows the estimated production of 
tin since the opening of the tin-fields in 1900 to the end of 
1919 :— 







Inoots. 


Que. 




Year. 












Total Value. 




Quantity. 


Value. 


Quantity. 


Value. 




Tons. 


Cwt 


£ 


Tons. Cwt 


£ 


£ 


1900 


1,070 


9 


141,842 


15 2 


900 


142,742 


1901 


648 


10 


76,080 


10 17 


464 


76,544 


1902 


493 


15 


58,521 


22 19 


1,072 


59,593 


1903 


933 


10 


120,778 


546 14 


29,430 


150,208 


1904 


1,073 


14 


138,881 


626 4 


49,496 


188,377 


1905 


1.170 


2 


163,595 


786 9 


62,515 


226,110 


1906 


1,161 





205,373 


510 


50,371 


255,744 


1907 


1,331 





229,607 


583 


63,698 


293,305 


1908 


954 





126,292 


841 


79,155 


205,447 


1909 


951 





127,089 


992 


83,940 


211,029 


1910 


847 





127,700 


1,021 


100,456 


228,156 


1911 


958 





191,000 


971 


116,089 


307,089 


1912 


900 





183,000 


1,175 6 


155,074 


338,074 


1913 


903 





182,800 


2,117 12 


238,492 


421,292 


1914 


650 





101,400 


1,667 


165,730 


267,130 


1916 


857 





135,350 


1,331 


131,430 


266,780 


1916 


909 





159,075 


1,220 


147,422 


306,497 


1917 


1,109 





240,410 


963 


133,286 


373,696 


1918 


1,182 





388,900 


738 


159,976 


548,876 


1919 


1,146 





265,260 


1,546 4 


151,363 


416,623 


Total 


19,248 





3,362,953 


.7,784 7 


1,920,359 


5,283,312 
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Output ov Tin and Tin Oee in New South Wales. 





1912. 


1913. 


1914. 


1915. 


1916. 


1917. 


Ardlethan Div., ore 














and concentrates 














valued at £ 


7,741 


42,636 


25,332 


53,771 


29,693 


62,069 


Bendemeer Div. 














ore . . tons 


21 


52 


27 


" X " 


"x" 


•' X " 


Deep-water Div. 














ore . . tons 


19 


46 


30 


22 


30 


22 


Emmaville Div. 














ore . . tons 


1,118 


1,085 


991 


1,045 


1,088-6 


936 


Glen Innes Div. 














ore . . tons 


67 


128 


101 


103 


170 


138 


Inverell Div. ore, 














tons 


14 


10 


"x " 


"x " 


31 


200 


Tingha Div. ore, 














tons 


1,006 


1,169 


795 


662 


700 


600 


Torrington Div. 














ore . . tons 


76 


116 


" X " 


59 


61-5 


103 


Wilson's Downfall 














Div. ore . tons 


167 


158 


125 


139 


137-5 


128 


Total output, me- 














tallic tin. 














tons 


900 


903 


650 


857 


909 


1,109 


„ output, tin 














ore tons 


1,175 


2,118 


1,667 


1,331 


1,220 


963 


„ value of tin 














and ore 


£338,074 


421,292 


267,130 


266,780 


306,497 


373,696 



' X " Not stated. 



The metallic tin produced in New South Wales is smelted 
at Woolwich, near Sydney, and the ore exported goes mainly 
to the Straits Settlements. 



Dredging 

The yield obtained by the dredges during the past nineteen 
years is shown by the following statement : — 
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Year. 



1901 . . 

1902 . . 

1903 . . 

1904 . . 
1905 

1906 . . 

1907 . . 

1908 . . 

1909 . . 

1910 . . 

1911 . . 

1912 . . 

1913 . . 
19U 

1915 . . 

1916 . . 

1917 . . 

1918 . . 

1919 . . 

Total 



8tkeam-Tin. 



Quantity. 



Value. 



Tons. 

49 

110 

244 

319 

532 

1,032 

1,692 

1,562 

1,677 

1,607 

1,742 

1,621 

1,819 

1,206 

1,164 

1,272 

1,207 

1,253 

1,083 



£ 

3,542 

8,300 

20,100 

26,180 

50,904 

120,661 

176,212 

129,952 

146,842 

158,467 

208,095 

223,813 

239,958 

119,167 

116,594 

146,880 

183,156 

282,388 

174,013 




2,535,179 



The following table shows the number of persons engaged 
in mining operations in the different districts at December 31, 
1918 :— 

Metailiferous Mines. 







Tin. 


Mining Districts. 


Europeans. 


Chinese. 


Clarence and Richmond 

Cobar . . 

Lachlan 


5 

9 

380 

1,059 

745 

2 

23 


— 


New England 


56 


Peel and Uralla 


67 


Southern 

Tumut and Adelong 


6 


ToteJ employed during 


1918 . . 


2,223 


129 


Total employed during 


1917 . . 


1,732 


47 
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The following statement shows the number of men employed 
during the five years 1914r-18 : — 



Employed mining 
for Tin. . . 




Average 
for 6 years, 

1914r-18. 



1,977 



(3) THE NORTHERN TERRITORY 

On January 1, 1911, the Northern Territory was separated 
from South Australia and passed under the control of the 
Commonwealth Government. Its area is 523,620 square 
miles, with a population of only about 5,000. 

There is only one railway, which in 1918 was open from 
Port Darwin to Katherine River via Pine Creek. The total 
length is 199 miles 45 chains. The survey for an extension to 
Mataranka has already been made. When this is complete 
a further 64| miles will have been made to the present existing 
line. 

The mining area is confined to that part of the territory 
served by the railway — that is to say, it extends as far south 
as the 15th parallel. The tin-fields may be divided under 
the five following heads : — 

(1) West Arm and Bynoe Harbour. 

(2) Mount WeUs District. 

(3) Daly River District. 

(4) Agicondi Area. 

(5) Maranboy Tin Field. 

(1) West Arm and Bynoe Harbour 

West Arm is one of the three arms of Port Darwin, while 
Bynoe Harbour is another large inlet on the eastern side of 
Douglas Peninsula. On these fields the tin ore occurs in 
granitic dykes, traversing vertical and highly-inclined beds of 
micaceous argillaceous slates, sandstones, mica schists, etc. 
The ore is disseminated through portions of the mass more or 
less thickly, and in seams and patches through the greisen, 



I- L- 


lit.* 


-Jl- ^ 


/> 


-, \ ' -'r . y 


"/' 


'-^ ^ '.. - fANOlEMtN ^ " ^-^n/, '^/ -it 1 






V 


r -l'^ ', \ -^ 


J r' 




w'. • , -^ 




X'-^^ 




\ ' i / 11'- 




J>-^ 


■-1 






N.-^-f,'. ■ R T H E 


^ r 
f,,T/ IE H R i T 


J 
R Y-'^^'v 


^/7' 




^CAlB 




-- -=J2 ,-»M,l« 




■ ■-., ~ ■ Tofidds 




^— l^ilvtcay 




■->' 133 ■■ 


i»6' 


^ -X ,.. _ , ... 1 


1 



Tin Deposits of the Northern Territory, Australia. 

(To leux p. 238. 



AUSTRALASIA 239 

kaolinized granite, pegmatite, etc., of which the dykes are 
composed, and is very erratic in occurrence, one portion of the 
mass being tin-bearing, while the others are barren. The 
tin-bearing outcrops are numerous, extending from King's 
Table on the east side. West Arm to Bynoe Harbour on the 
west, and to Mount Bennett on the Finniss southward. The 
claims in the West Arm district include Grant's, Johnson's, 
Hang Gong's, Wheel of Fortune, Bell's, Budgen, Antonio's, 
Phillips and Booth, Swanson and Dwyer, Tatlock, Ah Hong 
and Kelly ; whUe those in the Bynoe Harbour include the 
Leviathan Mill, Ford and Magnus, Bell, Bowes and Kerslake. 

There have been few reports on this district in late years, 
but in 1906 the Government Geologist stated that one of the 
principal mines, 5 feet to 6 feet wide, occurring in micaceous 
slate and sandstone, yielded 48 tons of oxide, while another 
on a greisen and pegmatite dyke yielded 100 tons of oxide, 
and a third to have produced 30 tons of rich ore for sluicing. 

The alluvial miU at Bynoe Harbour was erected in 1900, 
and consisted of a 200-N.H.P. boiler, 14-N.H.P. engine, Blake 
crusher, two pairs Cornish rollers, smaU elevator, two trommels, 
three-compartment jig, and Wilfley table. 

(2) Mount Wells District 

This district is situated about 5 miles north of Burrundie, 
which is a station on the Darwin-Katherine Railway, and 30 
miles north of Pine Creek. The country consists of arenaceous 
clay slates, striking north 30° west, with a dip to the east 
of from 60° to 60°. The vein-stone in the upper parts is 
of compact blue quartz ore, cellular gossan and limonite. 
The cassiterite occurs principally in iron-stone matrix. The 
mine has been worked 200 feet deep. There are four main- 
fissure lodes, from which minor veins branch, forming a stock- 
work that has been found in several parts of the mine. Li 
1907 the plant consisted of a portable engine, 20-heads stamps, 
Wilfley tables, etc. In the same district are also recorded a 
lode of pyrotous quartz, carrying tin oxide in clay slates and 
phyUites, at Burrundie ; and small fissure veins of chlorite, 
quartz and iron-stone in hornblende granite, traversing 
micaceous clay slates. Greisen intrusions have been worked 
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from time to time at Mount Shoobridge, about 30 miles west 
of Mount Wells. The associated tin ore is coarse but occurs 
in irregular patches and bunches only. 

(3) Daly River District 

This district centres round Mount Hayward, which is 
about 36 miles from the mouth of the river, which empties 
itself into Anson Bay. The chief claims are Niemanns, where 
the lode is enclosed by metamorphic quartzite rock and mica 
schists ; Bikenwarrs, which is situated 3J mUes south-east 
by east of Mount Hayward, where there is a massive tin- 
bearing tourmaline formation about 100 feet wide in rock of 
grits, sandstones and clay slates. The Government Geologist 
stated that there were indications of payable deposits both 
of lode and alluvial tin, capable of being developed here ; 
Behrins, about 36 miles south of Mount Hayward, where a 
granitic dyke contains tin oxide disseminated through the 
mass at two or three points where the dyke outcrops. Alluvial 
tin has also been found in small quantities in the gullies. 

(4) Agicondi Area 

The following details are taken from the Report for 1916 
of the Department of Mines, N.S.W. : — 

This area is named after the aboriginal tribe inhabiting 
the district. It lies east of Pine Creek between the Mary 
and Ferguson rivers. Tin occurs in small shoots in Spring 
Hill, near Boomlera, extensively as alluvial in Snadden's 
Greek. Alluvial tin has been worked near Mount Saunders. 
Small tin shoots occur near Pine Creek (Kelly's Tin Mine), etc., 
Golden GuUy, Woolngi, etc., mostly in quartzy matrix. At 
Granity Creek, Umbrawarra and many other places alluvial 
tin has been worked. The entire granite area may be regarded 
as stanniferous, possibly the small apUte veins, to a greater 
extent than the general body of the granite. The tin has been 
derived from the denudation of the granite bodies, and as the 
alluvial is almost worked out there appears little hope of a 
revival of tin-mining in the Umbrawarra district. 
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The best tin-fields in the Agicondi Province are those of 
Horseshoe Creek, Mount Todd and Hidden Valley. These 
tin-fields are chlorite lodes in chlorite schist formation. Small 
shoots of tin at Emerald Hill and Black Mountain are chlorite 
tin veins in wacke formation. The latter are not very promis- 
ing. A large low-grade greisen dyke has been worked for 
tin at the locality marked Walden's Mine in the Uwatha HiUs. 
Ross's Tin Mine, near Coronet Hill, is an irregular ferruginous 
pipe in chlorite slate. The tin at the Mary River Tin Camp 
is shed by a huge quartz blow and dyke in slate country. 

The best individual tin-mine in the district is the Crest of 
the Wave Mine, four miles north of Wolfram Camp. This 
consists of two parallel chlorite lodes in a strong fissure, and 
has been worked for many years at a great profit. 

Some of these mines are abandoned and do not appear to be 
worth reopening, while others do not show sufficient signs of 
being remunerative enough to work. The three most important 
districts are : — 

(1) Horseshoe Creek and Mount Todd. 

(2) The Crest of the Wave Tin Mine at Wolfram Camp. 

(3) Hidden VaUey. 

These tin-fields lie eaSt and north-east of the Yenberrie Hills. 

The dominion rocks are closely allied fissile, talcose schists 

and chlorite schists, both of which weather reddish on the 

surface. The average strike is north-north-west with west- 

. south-west dips. The lodes are of two kinds : — 

(1) Bedded veins of side plains in the schist, and 

(2) Fissure veins. 

The Horseshoe Creek tin lodes have been worked to water 
level of ore a little below, but owing to the system of tributing 
to Chinese, no up-to-date methods have been employed, and 
the mines collapsed. The principal mines are " Scotchman," 
where the tin ore is associated with malachite and native 
copper ; " Ethel," " Boyling," where the ore occurs in stone- 
works in the crushed breccia, and has lateral ofEshoots into 
the country rock of the walls ; " Dorris " and " Marie." It 
appears that the granite is probably not more than 1,000 feet 
deep. The opening of the Katherine Railway Extension 



242 TIN RESOURCES OF THE BRITISH EMPIRJi 
should be of great assistance in the opening up of the district. 

The Crest of the Wave Tin Mine, Wolfram Camp, is described 
by Jensen as the best tin-mine in the northern territory. 
The mine consists of two parallel fissure lodes in chlorite 
schist, situated so close together as to be workable 
from the same shafts. Their strike is north-west and their 
dip is south-west at 60°. Several shafts have been sunk, 
the two dips being 85 feet in depth and 55 feet apart. These 
are connected by a level at the bottom. As an alluvial tin- 
mine has been found in other localities in the district where 
it could not have been shed from the Crest lode, there is a good 
chance of getting other mines. 

The Hidden Valley Tin Field lies 3 miles south-east of 
Crocodile Billabong, a well-known lagoon on the Horseshoe 
Creek to Wandi Road. The area consists of weathered chlorite 
schists. The beds strike 330° and dip in a south-south-west 
direction. 

Jensen considers that Hidden Valley is a coming field, 
and that with a good battery at hand it should support at 
least forty miners. The tin-bearing area is from 2| to 3 miles 
long, and nearly 2 miles wide. The Stone & O'Brien's lode 
in Vulcan Mine is a true fissure. The length as proved by 
workings of the surface is 68 feet. Thirty-two tons of 5 per cent, 
ore have been crushed from the underlie shaft, 30 feet 3 inches 
high and 5 feet to 6 feet wide. If the whole shoot is of e^ual 
value there is between 300 and 400 tons stiU unworked. The 
lode is known to exist at other workings further south, but at 
present little prospecting has been done. The average for the 
lode according to the Government Assayer's assays was 7-9 
per cent., and for the rich pockets 27-6 per cent. 

(5) The Maranboy Tin Field 

This tin-field is situated in latitude 14° 28' south, and 
longitude 132° 49'. The recorded discovery only dates from 
1913 when Messrs. Richardson and Sharber discovered pay- 
able lode tin formations on the south-west end of the present 
field. The geological relations as summarized by Gray and 
Jensen are as follows:— 
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The basal rooks of the Maude Creek-Maranboy area are 
pre-Cambrian and intermediate tuffs. These were intruded 
by " red " porphyritic granites, quartz porphyries and mica 
granites. With these intrusions are associated stanniferous 
tourmaline formations. Later hornblende granite intruded. 

These intrusions were pre-Cambrian. Cambrian sediments 
and volcanics were laid down — on the southern part of Maran- 
boy at any rate, but only very thin remnants are left, so that 
it is impossible to form any idea of the extent or thickness of 
these beds. As elsewhere in the Northern Territory there 
is a very large gap in the post-Cambrian history. There is no 
evidence as to the deposition of either Silurian or Devonian 
sediments. A very prolonged period of erosion, however, 
cut down to and into the pre-Cambrian prior to the deposition 
of carboniferous " tableland " sandstone. Thin covers only 
of this now remain, and there is no evidence as to its original 
thickness. Of processes since that time there is no evidence. 
The area is at the head of the well-developed Roper River 
system, and apparently falls into line with the rest of the north- 
ern part of the territory as one of post-Tertiary erosion. 

The lodes are of two types; firstly, normal replacements with 
the tin-stone and lode stuff contemporaneous ; secondly, re- 
placement formations with tin-stone present in later fissures 
and veinlets of breccias. They are determined by structures 
in the underlying granites and, broadly, form two sets, one 
striking north-west and the other north-north-west. A minor 
group striking north is related to the north-west type. 

The north-west series is associated on the south field with 
quartz porphyry dykes, either on their walls or on the fissure 
extension above them. On the north field they overlie 
fissured greisenized areas in the mica granite. 

The north-north-west set form the extensions of fissures in 
the granite below them. These fissures are parallel to the 
pressure jointing induced on the rocks of the area, so that 
apparently both represent structures developed by the intru- 
sive mass, and parallel to its outhne. 

The tin-stone values have been deposited by mineral combina- 
tions ranging from normal pneumatolytic, through haematite 
quartz, to quartz solution types. A later quartz-pyrites type 
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carried a little cassiterite. At and near the later quartz 
breccias it may be present more largely than present develop- 
ments indicate. There is a possibility that these were originally 
opened a good deal earlier than in the final quartz stage. If 
so they would act as carriers for the later ore solution. 

Mineralization occurred subsequently to the consolidation 
of the quartz porphyries and of the crust, at least, of the mica 
granite. 

Tin-stone does not seem to be associated with any of the 
mica granite differentiates, and as the ore types above both 
the porphyries and mica granite are the same, it is probable 
that the tin contents were derived from the main magma and 
not from any of the exposed intrusives. 

So far as is known at present, tin values do not persist below 
the general surface-level of the large intrusions. As to the 
distribution of values, the rich shoots are in general at the 
junction of the intersecting lodes, either of main and cross 
lodes or of the main lodes and their branches. 

Enrichment in shoots near the granites is erratic ; in the 
centre of the field it is comparatively regular. 

In the former case values open out to feet and contract to 
inches equally readily. In the latter only strong structures 
may modify the values. The only later structures exposed 
are high-dipping quartz reefs, the prior structures chiefly 
coarse resistant beds with widely-spaced fractures. On 
these even main lodes are modified, tending in general rather 
to follow the bedding planes than to "make " along fractures. 
However, as the main lodes are definite and persistent struc- 
tures, downward prospecting on them is the quickest method 
of locating lost values. In any case, future conditions may 
modify quite a number of the prospectors' worries. With a 
battery on the field it will be found more profitable to mine 
most of the lodes on the field as lodes rather than to carefully 
follow rich and erratic veins and " rich pick " the stuff, causing 
unnecessarily high values. Worked on the larger scale many 
of the present difficulties would disappear. Six inches dis- 
placement on a 24-inch lode matters very little — on a 1-inch 
vein with zigzag instincts it may be a problem. Most of the 
Northern Territory tin-lode propositions have been worked 



AUSTRALASIA 



245 



under conditions of very expensive freight and crushing, so 
that careful picking has been necessary. Old habits die hard, 
and this one is still healthy. 

With reference to the depth of the granite below the general 
surface level, very little information is available in the 
south end. The main exposures apparently nearly represent 
the summits of the masses, and hence are flat or gentle slopes. 
As the change in slope is at a maximum, in the circumstances 
none of the dips are representative of the general contact dip. 
In the case of the northern mica granite mass individual 
contacts dip from 0° to 90°. The general figiu-e at the best 
exposures points to the dip as about 20° to 25°. 



By the end of 1915 there were nearly fifty mining leases and 
claims in the district. Most of these, however, are of very Uttle 
importance, and in some cases no shoots have been located. 

Output of Tin Obe in the Northebn Tbbbitobt. 
In tons (2,240 IbB.). 



Horseshoe Creek and Mount Todd 

Emerald Hill 

Wolfram Camp 

Fergusson . . .... 

Burrundie 

Snadden's Creek 

Mount Shoobridge 

The Finnis and Mount Tolmer . 

The CuUen 

West Arm and Bynoe Harbour . 

Daly River 

The Nellie 

Hidden Valley . ... 

Umbrawarra ... ... 

Mary River 

Stray Creek 

Pine Creek 

Miscellaneous . . ... 



Total 
Value 




{According to the Imperial Institute.) 



246 TIN RESOURCES OF THE BRITISH EMPIRE 

(4) VICTORIA 

Tin was first discovered in Victoria in 1853. Lode tin has 
been recorded in the following localities : Mount Cudgewa, 
Mount WiUs, Mitta Mitta, Eskdale and Tallandoon, Pilot 
Range (Beechworth), Mount Singapore (Wilson's Promontory), 
and Southern Gippsland. Stream-tin occurs at Beechworth, 
Eldorado, Chiltern, Stanley, Koetong, Cudgewa, Tin Creek, 
Agnes River, near Bruthen, Gembrook, Neerim, Darnum, 
Bunyip and Tarago Rivers, Upper Yarra, Taradale and other 
less important districts. 

The following details have been taken from the various 
bulletins of the Victoria Geological Survey, mentioned in the 
Bibliography., 

The Mitta Mitta Tin Field 

This tin-field covers an area of 90 square miles from Tallan- 
doon to a point south-east of Mitta Mitta, and may be divided 
into three districts : — 

(a) Eskdale— Mitta Mitta. 

(b) TaUandoon. 

(c) The Eastern Section. 

(a) Eskdale — Mitta Mitta. — The principal formation of 
the tin field appears to be Ordovician, the unaltered rock 
consisting chiefly of pink and yellow mudstone, with occasional 
black beds and fine-grained sandstones and micaceous grits. 
The metamorphic rocks consist of micaceous and nodular 
schists. The tin-bearing dykes extend over the metamorphic 
belt from Tallandoon as far south as Mount Wills. 

The veinstone consists of pegmatite and greisen, the latter 
usually occurring as veins cutting through or lying on the walls 
of the former. The strike of the dykes is about N. 40° W., 
and S. 40° E., and agrees with the strike of the beds. They 
dip nearly vertically. Many of the dykes may be traced as 
continuous outcrops for over a mUe, and it is probable that 
trenching would prove them to extend to far greater distances. 

When the tin-mines at Mount Wills closed down, those of 
Mitta Mitta and Eskdale greatly declined in output, and only 
since the high price of tin ruling since 1911 has there been 
renewed efforts. 
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The localities which have recently received most attention 
are (1) the Springtime leases, (2) the Gosport leases at Digger's 
Creek, and (3) Lems and Dickenson's leases on Barrett's Creek. 

In number (1) mine dykes have been opened, some of which 
have exposed rich leases of tin ore. 

In number (2) four lodes are embraced in the leases. The 
most easterly of these has a shaft sunk 30 feet and a drive 
25 feet along the lode, which is 3 feet wide and shows good tin 
values. 

In number (3) there were six dykes opened in 1915. They 
vary from 3 to 20 feet and show tin-stone in the shallow cuts 
and trenches. 

Among other lodes in this district which have had a certain 
amount of work done on them may be mentioned Wilson's, 
Drummond and Tobin, Courtney, Mao, Peter, Boone, Dorchap, 
Blair, Daroy, etc. 

(b) Tallandoon, — ^The schists of this district are seamed 
with pegmatite dykes, which are irregular both in width and 
strike. The latter ranges from north to west with an average 
direction of N. 40° W. 

The cassiterite occurs in the dykes as coarse crystals and 
finer particles disseminated through the rock. In the lodes 
already worked the tin has been found in lenticular shoots 
which succeed one another in depth, with a few feet of blank 
ground intervening. The chief lode of the district is that 
recently opened by Mr. Dunn. The lode is 3 feet wide, and 
carries a short shoot of rich ore. A crushing of 13 tons yielded 
4 cwts. of concentrates, assaying 73 per cent. tin. 

There is another outcrop just west of the Mitta Mitta River 
which carries tin. Tin has also been found to the north-west, 
but little prospecting has been done. 

(c) The Eastern Section. — ^This district is about 4 square 
miles in extent, and is the only known part of the stanniferous 
belt that crosses the river. 

The dykes consist chiefly of pegmatite and greisen, and have 
been worked to a limited extent. The two principal mines 
are the Tallandoon Mine and Parker's Gaim. 

The Tallandoon Mine lies among a series of dykes situated 
on the slopes of Joubert's Gully. There is a shaft about 200 
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feet deep and four levels, Nos. 4 and 5 of which have been 
driven for 128 and 153 feet respectively. Some very high- 
grade ore was found at times. The plant consists of a well- 
equipped five-head battery and a card concentrating-table. 
Parker's claim lies about a mile south-east of the above. 
The dyke rock is chiefly granular quartz, coated with decom- 
posed felspathic material and white mica. Greisen- carrying 
cassiterite appears on the surface. Two shafts have been 
sunk, 25 and 30 feet deep respectively. 

The Koetong and Cudgewa Area 

This area Mes near the New South Wales boundary in the 
north-east of the State. 

In former days Koetong Creek has been worked for alluvial 
tin. The country rock is granite. The nature of the deposits 
worked by the Annandale Sjmdicate is representative of those 
common to the district. Dunn described them in his report 
of 1919. He says there is first 3 or 4 feet of red soil, then 
mottled clays for 4 or 5 feet, with 2 to 5 feet of wash at the 
bottom resting on decomposed granitic rock. The method of 
working is by means of a tail-race and sluicing, but the water 
supply is limited. A large amount of titaniferous iron is saved 
with the cassiterite. 

Numerous quartz veins in the neighbourhood carry tin, but 
little if any have been worked. They, however, " make " 
and disappear very quickly, new veins at times appearing at 
the same time on an approximately parallel plane several feet 
distant. 

Whitelaw states that the tin-bearing dykes are usually 
in metamorphosed Ordovician (?) sediments ; that the vein- 
stone is characteristically pegmatite and greisen ; that the 
tin is usually very fine in the greisen, and much coarser in the 
pegmatite. The width varies from a thread up to 60 feet or 
70 feet. This field generally was in 1914 being tested by a 
number of parties and small companies, and one or two mills 
have been erected. 

Tin ore has been worked in a small way at Dry Forest 
Creek and Burrowye Creek, 
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At Mount Cudgewa the country rock is usually granitic, 
and on the top of the mount itself is grano-diorite. Tin ore 
occurs in the quartz lodes of the grano-diorite and the meta- 
morphic rocks resting on it. Numerous quartz veins have been 
opened up, and a tunnel driven from the south side of the 
ridge in a northerly direction about 150 feet below the top of 
the ridge. Veins carrying varying amounts of cassiterite 
have been cut. 

In all the lodes black tourmaline is fairly common, and 
tufts of white mica abundant. 

At the head of Cudgewa Creek two lodes bearing tin oxide 
have been opened up. Sheelite occurs in association with the 
tin. A certain amount of cassiterite is obtained along the 
south bank of the creek ; it is of brownish colour and the 
grains become more rounded lower down the creek. Dunn 
declares that these lodes, though smaU, are the most promising 
in the State. 

The Toora district lies near the coast, north of Wilson's 
Promontory. It has an area of about 100 acres. The Eocene 
drift deposits occupy here a deep eroded channel through 
Jurassic sandstone and mudstone beds. Several shafts have 
been sunk and samples have yielded from ^ to 5^ lb. of tin 
per ton concentrates. 
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Output op Tin Obe in Victoria. 
In tons (2,240 lb.). 





1912. 


1913. 


1914. 


1915. 


1916. 


1917. 


Beeohworth . 


19 


8-9 


2-7 


14-25 


24 


11 


Chiltern . . . 


5-25 


— 


— 








4-5 


Digger's Creek , 


— 


— 


— 


— 


0-1 


— 


Eldorado 


— 


3-5 


4 


75-0 


85 


105-5 


Eskdale . . . 


0-5 


005 


0-25 


— 


— 





Glen WiUs . . 


— 


— 


6 


— 


— 


— 


Koetong . 


— 


4-2 


1-6 


— 


— 


3-2 


Lightning Creek 


0-3 


— 


— 


— 


— 


— 


Mitta Mitta . 


— - 


— 


— 


— 


— 


1-5 


Myrtleford . 


3-8 


7-25 


5-2 


— 


— 


— 


Rutherglen . 


1-95 


— 


— 


— 


— 


3-75 


Sunnyside . . 


— 


105 


— 


— . 


— 


— 


Surveyor's Creek 


— 


4-45 


2-85 


— 


— 


— 


Tallandoon . 


4 


1-8 


0-75 


— . 


— 





Toora . . . 


4-35 


17-5 


29-25 


6-25 


11 


9-5 


Walwa . 


8-75 


8-75 


— 


— 


— 


— 


Total . tons 


47-9 


57-45 


52-6 


95-5 


120-1 


138-95 


Value . . £ 


5,733 

- 


,6,980 


4,955 


9,447 


12,955 


19,709 



{According to the Imperial Institute.) 

• (5) WESTERN AUSTRALIA 

Tin was first discovered in Western Australia towards 
the end of 1888. The development of the deposits has been 
retarded to a considerable diegree owing to lack of water and 
other conditions tending against operations on a large scale. 

The only two tin-producing districts of importance are those 
of Pilbara in the North- West Division, and Greenbushes in the 
south-west corner of the State. 

The other localities where tin occurs in small amounts are 
Western Pilbara, Murchison, Coolgardie, the Kimberley 
District and on the Thomas River in the Gascoyne vaUey. 

The deposits of the State have been found to fall 
naturally into two distinct geological categories : — (1) Super- 
ficial deposits, which include (a) the alluvial deposits and (6) 
the residual sands, gravels, etc. ; and (2) deposits in country 
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rock, which embrace (c) tin-bearing granite and (d) allied tin- 
bearing dykes. 

Greenbushes 

This tin-field lies on a tableland which is crossed by road 
from Bridgetown to Donnybrook. It is connected with the 
main railway system of the State. 

There have been numerous reports made on the district 
by the Government Geologists, Messrs. Woodward & Gibb 
Maitland. These are issued in numbers 35, 36, 43, 48, 61, 
03, 64, 66, 98, 103, etc., of the geological survey. Especially 
may be mentioned Bulletin No. 30, entitled The Distribution 
and Occurrences of the Baser Metals in Western Australia, 1907. 
A description of all the fields and separate mining leases is 
found on pages 50 to 76 of this report. 

With regard to the chronological order of the rocks of the 
district, Maitland describes them as chiefly gneissose and 
granitic, intersected by dykes of diorite, tourmaline granite, 
and schorl rock. Woodward considers that the oldest rocks 
of the district consist for the most part of gneissic granites 
intersected by bronzite diabase and pegmatite veins, but that 
later developments have proved the existence of a belt of 
basic rocks beneath the laterites following the main tin-bearing 
zone of the field. 

From the reports above mentioned, and personal inspection, 
Feldtmann gives the following table to show the rocks of the 
Greenbushes district in chronological order, beginning with the 
oldest : — 

1. Gneissic granite. 

2. Amphibolized dolerite, in places altered (probably) to 
hornblende schist. 

3. Tin-bearing granitic rocks. 

4. Recent superficial deposits, including :— 

(a) Alluvial and eluvial deposits. 

(b) Laterites. 

The alluvial deposits vary from a hard ferruginous conglo- 
merate to a stiflf clay or loose sand or gravel. 

The tin-stone in the conglomerate is often very coarse, 
while that in the softer material is usually fine. Assays of 
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ten samples of this class of ore varied from 9 to 33-3 per cent, 
of tin, the average being 10-1 per cent. 

The associated minerals are quartz, kaolin, Umonite, ilmenite, 
tourmaline, tantalite, stibiotantalite, garnet, zircon, gold, 
magnetite, rutile and topaz. 

Maitland and Montgomery divide the alluvial deposits 
into two main groups, the older being the old river-courses 
or deep leads, and the newer being represented by the existing 
channels. In the latter the tin-bearing gravels often lie at 
from 10 to 40 feet from the present stream bottoms. The 
older deep leads attain considerable depths, the deepest being 
96 feet. The residual deposits are either lateritic iron-stones 
or sands, clays, etc., derived from the decomposition in situ 
of igneous rocks, which are often stanniferous. 

The tin-bearing granites consist of granite passing in places 
into a highly-foliated and highly-micaceous granite, with little 
or no felspar. 

The richest of the alluvial deposits is in Spring Gully, where 
an upper layer of sand known as " free dirt," containing 
rich tin, lies on a lower bed of stiff white " clayey dirt." Feldt- 
mann has described the Kapanga Mine in No. 42 of the Survey's 
Miscellaneous reports. 

The mine lies about IJ miles south-east of the town of 
Greenbushes. Two shafts were sunk before the occupation 
of the present owners, which latter have sunk four more shafts 
— the main shaft, which has a vertical depth of 96 feet, being 
situated in the north-east corner of the lease. 

The only indication of the tin-bearing formation at the 
surface is the occurrence of fragments of tourmahne and 
occasionally of tin-stone in the lateritic debris. The tin content 
throughout the mine is best on the walls, and, taking the mine 
as a whole, especially the east wall. 

The cassiterite occiu-s for the most part as fairly well-formed 
octahedral crystals of fair size, some obtained by Feldtmann 
being ^ inch in length, whilst larger crystals are not uncommon. 

According to the Government Report for 1917, the output 
of black tin for the Greenbushes mineral field for that year was 
237-92 tons, valued at £29,928, and in the preceding year 281-74 
tons, valued at £27,319 ; a decrease in tonnage of 43-82 tons, 
but increase in value of £2,609, 
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All work was confined to already existing mines, no new 
finds being recorded. 

There were at the beginning of 1918 in the field 33 leases, 
covering an area of 492 acres. There were 211 men employed, 
a small decrease on the 1916 figures. Dredges were in use 
in 1917 at a number of localities. 

As regards plant for treatment, two tin-dressing plants 
were operated in 1917 at Greenbushes ; the quantity of ore 
offered for treatment, however, was small. 

The plant at South Greenbushes consists of steam power, 
Huntington Mill for crushing the ore, Phoenix Weir concen- 
trator for saving the black tin, and the necessary appurten- 
ances. The plant at Salt Water Gully comprises steam power, 
Chilian Mill, Phoenix Weir concentrator and appurtenances. 

Small quantities of tin ore have been obtained at Smithfield, 
about 12 miles south of Greenbushes. 

The Pilbara Field 

The tin deposits of this field are, with one or two exceptions, 
all of detrital origin. They extend over an area of about 
100 square miles. The chief localities are MoolyeUa, Wod- 
gina, Cooglegong, Old Shaw and Stannum. 

Full details concerning the Pilbara field can be found in the 
reprint of Bulletins 15, 20 and 23 of the W.A. Geological 
Survey for 1908. A few general remarks will, therefore, 
suffice here. Lode tin occurs in the granite area of Moolyella, 
but the percentage of cassiterite Is low. 

The alluvial deposits do not as a rule attain great thickness, 
though in some places their width exceeds 10 chains. The 
mineral^ in association include tantalite, monazite and gado- 
linite. A large quantity of residual tin ore derived from the de- 
composition of the tin-bearing pegmatites in situ also occurs, 
and in the Moolyella area has formed a large portion of the yield. 

The Wodgina area was discovered in 1902. The tin occurs 
in veins of pegmatitic granite, which have forced their way 
through a series of sedimentary and bedded igneous rocks. 
The beds of the ravines and hiU slopes carry detrital and resi- 
dual tin, but in this locality the output of lode tin exceeds the 
stream tin. The Pilbara district is not important now as a 
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tin producer, and in 1917 little work was done. The best 
yielding year was 1907, when the production was over 853 
tons. By 1916 it had sunk to 153 tons, and in 1917 it was 
69-05 tons. In this latter year there was no production 
recorded from fields other than Greenbushes and Pilbara. 

There is a little cassiterite found in the small streams along 
the contact of the granite with the schists near Pilbara in 
Western Pilbara in the alluvium. It is obviously shed from the 
pegmatite and gneissic veins penetrating the more basic rocks. 

The returns are included in those of the Pilbara Goldfield. 

A short description of the King's Sound Mine at West 
Eamberley is given in Bulletin No. 59, p. 232. Cassiterite 
and wolfram are found in quartz veins in a slaty rock in associa- 
tion with scorodite. 

Of forthcoming publications may be mentioned Bulletin 
No. 70 — The Western Australian Mining Handbooh, by A. 
Gibb Maitland and Staff ; and also The Geology and Mineral 
Resources of Western Australia, with a four-sheet geological 
map, by A. Gibb Maitland. The number of this' bulletin has 
not yet been decided upon. 

Output of Tin Obe in Westebn Australia.. 
In tons (2,240 lbs.). 
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1913. 
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1915. 
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Greenbushes Mineral 














Field .... 


430-45 


458-48 


244-54 


247-33 


281-74 


237-92 


Pilbara Gold Field 














(Marble Bar Dis- 














trict) .... 


123-38 


139-10 


87-40 


78-65 


153-17 


69-05 


Murohison Gold 














Field (Cue Dis- 














trict) .... 


— 


3-20 


— 


— 


— 


— 
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District) . . . 


— 


0-15 


— 


— 
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— 


Total. . tons 


553-83 


600-93 


331-94 


325-98 


434-91 


306-97 


Value . . £ 


65,159 


67,717 


29,313 


29,064 


43,258 





The following statistics are taken from the West Australian 
Mining Report for 1918 : — 
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The quantity of tin exported was 415 tons, valued at £76,952, 
an increase in tonnage on the preceding year of 32 tons, and in 
value of £31,664. The Greenbushes Tinfield produced 295-80 
tons, valued at £57,653 ; an increase on the preceding year 
in tonnage of 57-88 tons, and in value of £27,725. The Pilbara 
Field produced 99-50 tons, valued at £20,984 ; an increase m 
tonnage of 30-45 tons, and in value of £11,720. None was 
produced in any of the other fields. 

The good price which obtained for tin rendered many low- 
grade propositions payable, hence the improved output. 

(6) SOUTH AUSTRALIA 

There is no tin being worked in South Australia. 

Tin oxide was, however, discovered about 20 years ago, 
30 miles south-east of Tarcola, north-west of Lake Gairdner. 

The following details are taken from the report by Mr. 
H. Y. L. Brown, published in the Record of the Mines of South 
Australia, 1908 : — 

Tin oxide has been discovered about 1 J miles south of Earea 
Dam, on a mud-lake where the surface sand and loam have been 
eroded, and expose granite, diorite, and other hornblendic 
rocks containing quartz veins. The tin odixe was originally 
discovered in a quartz vein and detritus denuded from it and 
the surrounding rocks. 

The prospectors appear to have entirely devoted their 
attention to sinking on the quartz veins, and to have lost 
sight of the probable presence of alluvial or stream tin. The 
probability is that prospecting for alluvial tin instead of lode 
tin would meet with more success. Systematic prospecting 
in order to trace the ore towards deeper ground, where larger 
deposits may exist, appears to be the course that should be 
followed, as it is a well-known fact that stream tin is often 
derived from small veins and pockets in granitic rocks which 
are too small to be profitably worked as lodes. Salt water 
is abundant in this locality at a depth of a few feet from the 
surface. 

At the site of the original tin ore discovery, the tin oxide 
occurred in a decomposed granitic dyke, which contained pay- 
able ore for a width of 4 feet, and traces of tin for a much greater 
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width. Quartz in veins and bunches, included in the dyke, 
also contained tin ore. It is most probable that additional 
deposits of ore will be found in this dyke, and that other tin- 
bearing dykes exist in the neighbourhood. There is also a 
probability of alluvial tin being found. Shafts should be sunk 
through the sand and Tertiary deposits surrounding the lakes 
to prospect for deep ground and wash dirt containing tin ore. 

Tin oxide occurs in decomposed granitic dykes and in veins 
and bunches of quartz, as exposed in the prospecting shaft. 
Several other shafts have been sunk in proximity to the first 
one, and tin disclosed in similar dyke formations, the general 
trend of which is north-west and south-east. Owing to the 
quantity of water met with, sinking has not been carried below 
54 feet. 

Tin ore in small quantities has been found in the surface 
deposits of the lake and in shafts in the sandhill country ad- 
joining. There is a probability of alluvial tin being traced 
from this lake, but owing to the prevailing covering of sand 
rises and ridges considerable difficulty is placed in the way of 
prospecting. 

(B) TASMANIA 

The Island of Tasmania is the biggest producer of tin in 
Australasia, and for that reason there is a large amount of 
up-to-date hterature issued by the Government on aU the 
important mining districts. 

A list of the Bulletins and Reports of the Geological Survey 
of Tasmania is given in the Bibliography. 

Practically every one of these has been used in the compila- 
tion of the following details. The mines are divided up among 
five divisions, some of which will be subdivided into districts 
for convenience in locating the mines. 

List of Mines 
I. The North -Western Division : — 

Mount Bischoff. Wombat. 

Mount Bischoff Extended. Ringtail. 
South Bischoff. Mount Balfour. 

Mount Cleveland. Waratah Alluvial. 

Weir's Bischoff Surprise. 
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II. The North -Eastern Division :— 

(.4) Pioneer and Gladstone Districts : — 
Pioneer. North and South Mount 

Alberroe. Cameron. 

Garibaldi. Endurance. 

Harden's Ravine. Clifton Creek. 

Various. My-by-Night. 

Murray. 



(B) Ringarooma District : — 




BeU's Hill. 


Various. 


(C) Derby District :— 




Briseis. 


Clyde. 


Waverley. 


Various. 


(D) Branxholm District : — 




Arba. 


New Ruby Flat 


Various. 




(E) Moorina District : — 




Wilberforce Pump Co. 


Weld. 


Echo. 


Various. 



{F) Straits Islands : — 
Various and unimportant. 



III. The Eastern Division :— 

{A) Weldborough, Lottah and Blue Tier Mines 
Anchor. Various. 



(B) St. Helens District :— 
Pioneer Co. 

C. Miller. 
Various. 

(C) Avoca District : — 
Royal George. 
Desire. 
Brookstead. 

(D) Ben Lomond District :- 
Great Republic. 

Gipp's Creek. 



J. C. Macmichael. 
Argonaut. 



South Esk. 
Rex HiU. 
Foster. 

Story's Creek. 
Various. 
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IV. The Northern and Southern Division :— 

Shepherd and Murphy. Fall. 

Iris. Morgan. 

Cox. Dolcoath. 

Sayer. Various. 

V. The Western Division : — 

(A) North Dundas : — 

Renison BeU. Dreadnought-Boulder. 

Central. Federal. 

Montana. Button-grass Plain. 

Fenton. " X " Proprietary and Falls. 

Hawson and Finlayson. Various. 

{B) North Heemskirk : — 

Heemskirk Tin Syndicate. St. Dizier. 

Peripatetic. Eureka. 

Fitch. Cook. 

Long's Iron Blow. Various. 

(0) South Heemskirk : — 

Federation. Montagu. 

AUison. Old Wakefield. 

Old Orient. Agnew Creek. 

Little Henty R. District. Various. 

(D) Stanley River Tin Field:— 

Stanley Reward. Mount Lindsay. 

Rosebery. Minor's Greek Alluvial. 

Meredith River Sections. Various. 



I. North -Western Division 

So extensive is the literature available on the BischofE 
area — ^the most important in Australasia — ^that the few details 
here are merely taken from the annual report of the Secretary 
for Mines for 1917, to show recent progress. 

Publications to be consulted giving the history, geology 



AUSTRALASIA 



259 



and details of the mines and plant, etc., of Mount Bischoff are 
as follows : — 



1892 Kayser, H. W. F. . 

1896 Kayser and Provis . 

1897 Twelvetrees, W. H. 
1900 Fircke, W. von 
1900 Klockmann, F. . 



The Mt. BiscboS Aust. Abs. Rep., pp 
342-58. 

" The Mt. Bischofi Tin Mine, Tasmania.' 
The Mining Proc. Inst. C.E., CXXIII, 
p. 377. 

" The Topaz Quartz Porphjrry or Stan 
niferous Elvan Dykes of Mt. Bischofi.' 
Boy. Soo. Tas. 

" Die Zinnerzlagerstatten des Mt. BiS' 
chofl in Tasmania." Zeitschr. Deutsch 
Geol. Gesellsch., LI, pp. 431-64. 

" Ueber den Antbeil von Groddeck's an 
der Deutung der Zinnerzlagerstatte des 
Mt. Bischoff." Deutsch. Geol. Ges. 
Zeitschr., LII (167-8). 

" Plans of some Australian Mining 
Fields." Science Progress, pp. 1-10. 

" Mt. Bischofi Tin Mine." Mining Jour- 
nal, August 6, p. 986 ; Augvist 13, p. 
1010 ; September 3, p. 1072. 

"Mt. Bischoff." Mining Magazine, Sep- 
tember, p. 195. 

"Tin Deposits of the World." Third 
Edition. Chapter 10, p. 126. 

" Bischofi and North Dundas Mines, 
Tasmania." Mining and Engineering 
Review, April 5, p. 271. Sydney and 
Melbovirne. 

" Australian Tin Lodes and Tin Mills." 
Aust. Inst. Min. Eng. Proc. No. 13, 
1914, pp. 279 et seq., and 349 et aeq. 

"The Giblin Tin Lode of Tasmania." 
Bull. Inst. Min. and Met. No. 173, 
Feb. 13. 
F. L. and E. Hess, in their " Bibliography of the Geology and Min- 
eralogy of Tin " (Vol. Iviii, No. 2, of the Smithsonian Miscellaneous 
Collections), give no less than sixty-three references to Moimt Bischoff . 

The Mottnt Bischoff Tin Mining Company. — ^The output 
of ore from the mine for 1918 totalled 98,307 tons, of which 
92,771 tons were delivered at the miUs for crushing and con- 
centrating, and 5,536 tons being very low grade were rejected. 
Four hundred and fifty tons of concentrates were obtained, 
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of an approximate value of £109,250. The average number 
of men employed was 235. 

Surface Workings. — The winning of crush-dirt from the vari- 
ous faces and benches has been carried on systematically. 
The weather during the early part of the year was very dry, 
but throughout the latter portion the rainfall was excessive. 

Southern Slopes. — The White Face, Brown Face, Gossan 
Benches, Happy Valley, and Don Section have been in operation. 

Northern Slopes. — Benches Nos. 1 and 2, and the North 
Valley Flats and Terrace workings have been exploited as 
usual. No. 1 lode, north : — Two prospecting tunnels were 
driven on this lode, and the ore channel was found to be vari- 
able in width, fluctuating from a few inches to 6 feet, and the 
tin contents were equally inconstant, ranging from 0-1 per 
cent, to 35 per cent. Iron pyrites was freely mixed with the 
lode matter. No. 3 adit was recently commenced on the same 
lode, which at this point has a width of 42 inches, and assays 
1-1 per cent, tin oxide. An electric traction has been installed 
on the North VaUey Flats, connecting the benches on the 
terrace with the loading station at the head of the electric 
haulage. This plant is now in constant work on these flats, 
and greatly aids in the more efficient and economical 
handling of the product from the river faces and terraces. 

The Milling and Concentrating Plant has been running 
uninterruptedly, and the grade of concentrates produced, 
and the ore recoveries have been maintained at the usual 
standard. 

Hydro-Electric Power Plant. — ^All the machinery in con- 
nexion with this plant has been in constant use. 

Aerial Ropeways. — These have been working in the usual 
satisfactory manner. 

Since the mine was discovered in 1870 it has produced 
75,553 tons of metallic tin, valued at £5,149,916. 

The Mount Bischoff Extended Tin Mining Company. — 
No LiabOity. — ^Regular operations were carried out by an 
average of ninety-eight men until February 16, when ore produc- 
tion ceased, and work in connexion with the duplication of the 
nulling-plant was put in hand by a much reduced number of 
men. The work of duplication consisted of the installation 
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of another ten-head mill (1,250 lb.), ore-bin, and the necessary 
fine grinding and concentrating machinery, new crusher and 
storage station, two additional boilers, high-speed engine, 
air compressor, motors, etc., and new pump, and inverted 
siphon deUvery, for increasing supply of miUing-water, and 
the placing in underground of a complete rock-drilling system 
to facilitate larger crude ore production. In addition, a new 
store and fitting- shop were erected at the mill, the fitting- shop 
being fitted with a motor-driven lathe and boring machine. 

The mill engine now carries all the stamps and primary concen- 
trating machinery, the high-speed engine driving the 50 horse- 
power generator, which is used to run the secondary concen- 
trating machinery, crusher, roasting and pumping plants, 
together with other small motors, and the lighting of the 
plant. The addition of the new compressor, which is steam 
driven, gives sufficient air available at 100 lb. pressure to 
run constantly ten drills in the mine, the air main to the 
main distribution centre underground being a 4-inch pipe-Une. 

The work of alteration was sufficiently far advanced by 
May 11 to allow the original unit of ten stamps to resume crush- 
ing, and as each new installation was completed it was put into 
commission, the trial run of the duplicated plant being very 
satisfactory. 

Production has been held up during the latter end of the 
year by shortage of labour and the shortage and high price of 
material ; otherwise the mine has had a constant run on ore 
production since May 11. 

Development work underground consisted of 1,539 feet, 
mostly on ore. A new level to No. 7 intermediate is now 
being opened up, and a second opening from the No. 9 level 
to the No. 6 level is in hand. The ore reserve continues to 
be kept at a satisfactory figure, the last estimation showing 
the ore in sight to be as under : — 

Positive tons 38,600 

Probable tons 27,400 

Total tons 66,000 

The average grade of the positive ore being 1 per cent, of 
tin. 
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Ore is being won from stopes spread from the No. 6 level 
to the surface, the average -width stoped being 15^ inches. 
In the firewood department the consumption was as under : — 

Boiler department, 4,356 tons (50 cubic feet). 
Roasting department, 961 tons. 
Total, 5,317 tons. 

The year's output is as under : — 

Tons of ore crushed, 12,902. 

Tons of pyritic concentrates roasted, 920. 

Tin oxide recovered, dry tons, 155-40. 

Average grade of oxide produced, 70" 68 per cent. tin. 

Average recovery per ton of ore crushed, 0-851 per cent. tin. 

Value of output, £34,361 165. ed. 

Value per ton of ore crushed, £2 13s. 2d. 

Average number of men employed, 108. 

II. North-Eastern Division- 
The Gladstone District 

The Gladstone district figures as an ore-producer from the 
very earliest days of tin-mining in the island, and its output 
has continued from that date to the present without interrup- 
tion. It is in the natm?e of an alluvial field for its production 
to decrease as its stores of mineral are gradually removed, 
until finally practical depletion ensues. In the early days, 
when the alluvial ground here was first attacked, of course the 
output was necessarily in advance of what it is to-day, but 
for a long time now it has settled down to a more or less uniform 
rate, and the modest tonnage which is regularly recovered 
serves to support the community without undergoing the 
sometimes disastrous fluctuations which are felt in other 
fields. The profitable natmre of the industry depends greatly 
on the ruling market prices of tin. 

The ore is for the most part concentrated in gravels and 
drifts, which cover the surrounding country. The mineral is 
found from the grass roots downwards to 50, or even 100 feet 
from the surface, and is largely won by hydraulicing. For 
continuous mining operations the intermittent supplies of 
water from streams in the vicinity of the various claims are 
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inadequate, and are supplemented by the admirably-managed 
service of a Government race, which distributes water over a 
large area of the field and is an inestimable boon to the 
industry. 

Although the quantities of alluvial tin ore are so considerable, 
no tin lodes of any importance have been discovered. Frag- 
ments of tin-bearing vein quartz are occasionally met with 
in the mine workings, and some greisen dykes or lodes carrjong 
tin ore are known. On the other hand, greisenized marginal 
portions of granite masses are fairly rich in the ore. From 
such belts of rock and from veinlets in the granite, and perhaps 
also from disseminations in it, the greater part of the alluvial 
tin has probably been derived. 

The ore-deposits in the district under consideration belong to 
two classes, namely: (1) primary deposits, or such as have 
resulted from either igneous emanations or precipitation 
from aqueo-igneous solutions ; and (2) secondary deposits, 
or such as have been formed by the natural disintegration of 
mineral-bearing rocks and veins. The first division com- 
prises ores in veins, dykes, stockwerks, or rock-masses ; in the 
second are included the alluvial deposits. 

The ores of the primary deposits are assumed to have a 
direct connexion with rocks consolidated from igneous mag- 
mas ; in the case of the Gladstone areas, with the granite. 
The tin and tungsten are considered to have been extracted 
by high-temperature aqueous vapoiurs from the granitic magma 
during its consolidation, and to have been deposited in fissures 
or other cavities in the cooling granite or in the stratified rocks 
immediately adjacent to it. The ores of these metals, there- 
fore, are pneumatolytic ; that is, derived from the igneous 
magma through the agency of dissolved gases. At a greater 
distance from the granite conditions were cooler, and metals 
such as lead and zinc were deposited from the magmatic 
solutions which took the place of igneous vapours. 

Full details of the various mines of the district will be found 
in the Greological Survey Bulletin, No. 25. 

According to the annual report for 1917, an abnormal and 
well-distributed rainfall enabled both electric plants of the 
Pioneer Tin Mining Company, Limited, to be kept continuously 
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at work, and to sluice 922,400 cubic yards of drift, for a yield 
of 417J tons of stream-tin, worth £75,000 with metal at 
£250. The average number of men employed was 68. In 
1918 the yardage sluiced was below normal owing to the un- 
evenness of the rainfall. 

At the Company's South Pioneer leases, adjacent to the 
parent mine, 55,800 cubic yards of hard cemented drift were 
sluiced for a yield of 5 tons 18 cwt. of stream-tin. 

North Mount Cameron. — ^Messrs. Whitaker & Daw's 
section on Fly-by-Night Creek has been working successfully. 
The alluvial mines in this district, which are commanded by 
the Government water-race, have been working with very 
profitable results, owing to the very high price of tin. 

A little work of a prospecting nature has been done on the 
Gladstone Gold, Tin and Wolfram Development Company's 
property. 

SoTTTH Mount Cameron. — The Endurance Tin Mining 
Proprietary commenced operations in January, and a large 
plant is now erected, comprising one 12-inch pump, one 
12-inch nozzle-pump, and large condensing plant, erected on 
pontoon ; three dams were built, one being a large return 
water-dam. A large amount of old and new ground has been 
sluiced since pumping operations commenced in June last, 
and 50 tons of tin ore, valued at £6,000, have been 
• obtained. 

The Clifton Creek Tin Mine has been sold to a Sydney syndi- 
cate. Little work has been done at the mine as yet. 

Derby District 



Briseis Tin and General Mining Company 


. — 




Briseis Mine. 


Mutual Hill Mine. 


Average number of men .... 


84 


9 


Black tin won 


321 tons 


7-6 tons 


Equivalent metallic tin ... . 


229-2 tons 


5-1 tons 


Value 


£73,241 


£1,647 


Gold 


26-90 oz. 





Value 


£102 






1 — ^ 



^■"fe^ 
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The sluicing of tin-drifts at the Briseis Mine has gone on 
during the year as usual, and calls for Uttle comment. 

The chief productive faces in the so-called Kruska's Flat are 
now very close to the southern bank of the diverted Ring- 
arooma River. The excavation is 100 feet below the 
river- level. 

A further diversion to the north-east of the northern end of 
the present river diversion is contemplated, but poor progress 
has been made in the removal of drift and overburden on 
the northern side of the river owing to the reduced supply 
of water during the year. 

Branxholm District 

The Arba Tin Mine. — In 1917 sluicing was carried on 
continuously at both the Mainland easement workings with a 
full supply of water. In 1918 water was scarcer during the 
early part of the year. 

The following is a statement of the work done in 1918, and 
cost of treatment, with a summary of sluicing results : — 



Main Wokkings. 
For year ended Dec . 3 1 , 1 9 1 8 
From June 30, 1903, to Dec. 

31, 1918 

Easement. 
For year ended Dec. 31, 1918 
From Oct. 3, 1913, to Dec. 
31, 1918 



Cubic 
Yards. 


Working 
Cost. 


Tin Won. 






tons. cwt. 


136,390 


12-66d. 


40 8 


3,013,502 


6-22d. 


1,253 19 


80,419 


14-26d. 


48 14 


460,407 


9-22d. 


243 



Tin con- 
tents per 
ou. yard. 



lb. 
0-63 

093 
1-35 
119 



The total quantity of tin recovered for twelve months was 89 
tons 1 cwt., and the approximate value, £17,800. 

The average number of men employed at the mine was 
57-5, and the average number employed cutting and carting 
fuel was 7. 



Moorina District 

The Weld River and Echo Mines. — These mines are being 
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worked conjointly, and 18 tons of tin ore, valued at £3,608, 
were obtained during 1918, 16 men being employed. 

III. Eastern Division 

Small co-operative parties, including Chinese, are working 
and obtaining ore. The old Star Mine has been recently 
acquired by Mr. J. C. Cleveland, and is being opened up in a 
systematic manner, with very encouraging prospects. 

Lottah 

The Anchor Tin Mine, towards the end of 1917, was sold 
by the Government to Messrs. Kennedy Brothers, of Hobart, 
who have started operations, and also let parts of the mine on 
tribute. 

During 1918 the water-races from the Groom River and 
Crystal Creek were repaired, and an hydraulic elevator erected 
to work the alluvial ground lying between the battery buildings 
and the Groom River. The water-races from the Laffa and 
Ransom Rivers were also repaired, and a pipe-line and nozzle 
erected to work the ground above the quarry faces. From 
all sources, some 6| tons of tin were won. On an average, 8 
men were employed. The season was an exceedingly dry 
one, and sluicing was not started until well into the second 
quarter of the year. 

The Allies Syndicate continued their operations on the 
" Don Face " on a portion of the Australian Mine, and have 
been obtaining some fair milling ore for their 5-head battery. 

The Kirwan Brothers, with the aid of a couple of portable 
boilers, are working some shallow alluvial ground near Goschen, 
with good results. 

Argonaut Mine (St. Helens). — On this mine 141,200 
cubic yards were sluiced for a yield of 49 tons 7 cwt. 2 qr. 
of stream-tin, worth £9,000 with metal at £250, in 1917, while 
in 1918, 122,300 cubic yards of drift were sluiced for a yield 
of 45 tons 2 cwt. of stream-tin. The total yardage from 
all three mines being 736,400 cubic yards, for a yield of 308-13 
tons of stream-tin. The average number of men employed 
was 18, 
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Avoca District 

The Royal George Tin Mine. — 20,264 tons of stone were 
crushed for a yield of 109J tons of tin oxide, valued at £21,421. 
Average number of men employed was 72. The lode at the 
No. 2 level was driven on for a distance of 463 feet. This lode 
is a pyritic one, with contents of average values. A rise was 
put through to the top level for ventilation purposes. 

Foster's Freehold Tin Mine.— This mine is held on tribute 
from the owner of the private property. From 2 to 4 men are 
constantly employed in working the alluvial tin and lode 
matter. About 5 tons of tin ore were obtained, valued at 
£1,120. 

South Esk Tin Mine. — Sluicing is being carried on with 
very satisfactory results. , 

Desire Tin Mine. — The proprietor, Mr. A. T. Anderson, 
has completed the erection of a small mill, and commenced 
crushing in 1917. 

Rex Hill Tin Mine. — Capital is being obtained for the 
purpose of providing a plant for working the mine by water. 

Ben Lomond District 

The Great Republic Tin Mine. — ^Work underground 
has been retarded owing to the winding-plant having been 
destroyed by fire, consequently attention has been directed 
to surface-prospecting near the main workings, where tin- 
stone, giving 1 per cent, of metal, iy being obtained. 

The Story's Creek Tin Mining Syndicate had driven by 
1918, 165| feet on the lodes, and IIOJ feet in the adit. The 
quantity of ore won and treated for 1917 was 8,596 tons. 
The concentrates yielded 38 tons 14 cwt. of tin ore, valued at 
£6,205, and 113 tons 7 cwt. of wolfram, valued at £21,307. 
The separation plant started in August, 1917, and treated 
55 tons 4 cwt. of concentrates of wolfram and tin. Average 
number of men employed, 70-51 underground and 19 on the 
surface. Owing to the scarcity of practical miners, work was 
impeded, and the treatment-plants were restricted to one 
shift per day. 

Gepp's Creek Mine. — Messrs. Eberhardt, Cook and Mace 
now occupy and work this mine. 
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The Dalrymplb Tin Mining Company. — ^This Company 
has erected a 5-head battery and oilengine. Stoping was 
confined to the shaft, and ore to the value of £1,837 was re- 
covered, giving a return of about 2 per cent, oxide. No 
dressing-plant has yet been erected, and probably a large 
percentage of tin ore is lost in treatment. 

Schouten Main 

The Cygnet Tin Mining Company. — ^No liability, employ- 
ing 6 men, obtained 1 ton of tin ore, valued at £192. Work 
stopped at the end of November owing to the shortage of 
water. 

IV. Northern and Southern Division 

The chief mine of this district is the Shepherd and Murphy, 
near Middlesex. A description of the lodes has been given 
by Mr. Davies in Tin Ores (Imperial Inst., 1919). He says : 
" The lodes appear to be connected with a Devonian granite 
intrusion, and traverse (1) sandstone or quartzite, (2) lime- 
silicate rock resembling the Swedish ' skarn,' which consists 
of garnet, pyroxene and magnetite. These rocks are covered 
by Tertiary basalts. The lodes contain quartz, fluorite, topaz, 
beryl, a greenish hydrated mica and monazite, together with 
cassiterite, wolframite, bismuthinite, native bismuth, molyb- 
denite, chalcopyrite, pyrite, arsenopyrite, and rarely galena. 
Scheelite, bismuthite, calcite and stUbite also occur. The tin, 
tungsten and bismuth minerals are of economic importance, 
and occur in the mill concentrates in approximately the follow- 
ing percentages : cassiterite, 53 ; wolframite, 30 ; bismuthin- 
ite, 7 ; the remainder being pyrite, magnetite, quartz and 
fluorite. The concentrates are treated at Launceston by 
Wetherill magnetic separators. These give a wolfram concen- 
trate containing 70 per cent, tungstic acid and 0-7 per cent, 
tin, and a non-magnetic product containing 56-3 per cent, tin, 
8 per cent, bismuth, and 0-7 per cent, tungstic acid. This 
product is shipped to England, where the bismuth is extracted 
and the residue smelted as a tin ore. The Wetherill separa- 
tions of miU concentrates from the deeper unoxidized ores are 
carefully roasted and again passed through the separator 
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to eliminate the pyrite and other minerals which are sometimes 
intimately mixed with the valuable ores." 

In 1917 the main crosscut was put out from the No. 3 level, 
and cut the parallel lode, upon which work was proceeding. 

An hydraulic-driven pumping plant was installed during 
1918, and has worked satisfactorily. Milling was retarded 
during the early part of the year, owing to the shortage of 
water. Fifteen hundred and seventy -nine tons were treated 
for the first half, and 4,825 tons for the second, making a 
total for the year of 6,404 tons. Fifty-nine and a quarter tons 
of tin ore were produced. 

The steam plant was in use for three months, and water- 
power plant for nine months. General operations were, apart 
from shortage of water, restricted by shortage of labour, and 
by reduction of working hours. 

The Iris Syndicate produced 2-697 tons of tin ore, and 13 
tons were obtained from Cox's Bight. 

V. Western Division 
North Dundas 

Mr. Conder has dealt with this field in Bulletin No. 26 
(1918), and readers are referred to this for all detailed informa- 
tion. 

Mr. Conder summarized the sequence of geological events 
as follows : — 

(1) The Dundas slates were laid down in Cambro-Ordovician 
times on the mica schists of pre-Cambrian age, the depth at 
which they were deposited varying and tending to become 
shallow towards the end of the period. Volcanic outbursts 
were frequent during the period, and the volcanic ejectamenta 
aided in increasing the thickness of the strata by the inter- 
bedded tuffs. 

(2) First Period of Igneous Activity. — The district shared 
but slightly in the intrusion of porphyroid rocks, which is an 
important geological factor to the east and north-east, and 
also in many other parts of the west coast. 

(3) Period of Metamorphism. — ^The strata were then exposed 
to widespread folding and crushing, which probably developed 
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the slaty cleavage in the slates, and tilted the beds from the 
horizontal plane. 

(4) Second Period of Sedimentation. — There are no signs of 
the Silurian strata so well-developed at Zeehan. Extensive 
beds of Silurian limestone exist to the north across the Pieman, 
and it is probable that these strata were laid down here as 
well, but have since been denuded. 

(5) Second Period of Igneous Activity. — In Devonian times 
there was first the intrusion of the basic rocks which cooled and 
consolidated, and, subsequent to them, the intrusion of the 
acidic rocks which probably also brought the tin and other 
minerals, and caused much local alteration in the accompanying 
rocks as well. 

(6) The invasion of the diabase came at the close of the 
Mesozoic age, a slender offshoot from the great central plateau 
of the island. 

(7) The development of the aUuvials, with accompanying 
glacial action and alternate variation in the level of the land, 
must probably be placed either as late Tertiary or Quaternary. 

The following types of lodes are met with : — 

(1) Quartz Tourmaline Lodes. 

(2) Quartz Lodes. 

(3) Pjrritic, including Pyrrhotite Lodes. 

(4) Dolomitic Lodes. 

(5) Other Forms of Lodes. 

The most typical of the district is the Pyritic, includiag 
Pyrrhotite lodes, which are fully described in Bulletin No. 26. 

According to the reports for 1917 and 1918, the Renison 
Bell Prospecting and Mining Company was forced to close 
down the mine in the middle of 1916, owing to the peremptory 
demand for increase in wages. No further work was done 
until September, when the mine was let on tribute. 

Prospecting work carried out by the tribute party was 
successful in locating a large gossan formation carrying payable 
tin. The formation is located in the south-eastern portion 
of the lease, close to the boundary of the Central and Montana 
tin mines. To connect this development with the Company's 
miUing plant involved the construction of 20 chains of 2-feet 
gauge tramway, 8 chains of which is a self-acting incline. 
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Some six weeks were occupied in connecting the faces with the 
battery. Crushing from the new find was commenced at the 
end of October, 1917, and proceeded in a limited manner up to 
the end of the year. A shortage of water for power purposes, 
owing to the dry season, prevented more active work being 
undertaken. 

In 1918 the mine was also worked on a tribute basis, and 
mining operations were carried out on a large stanniferous 
iron-stone outcrop on the extreme east portion of property 
adjoining the lease of the Central Tin Mine (T. W. Taylor), 
and the Montana Syndicate's lease. The lode in most respects 
is similar to other ore-bodies previously worked on the mine. 
The average width of the ore-body was from 12 to 14 feet, 
and was mined entirely on the open-cut system, the depth 
of the faces being from 10 to 20 feet. Below that, free milling 
ore gives out to pjn^itic ore. Eighty-seven hundred and fifty- 
seven tons of ore were mined and treated at the battery and 
concentrating plant, which jdelded 43-93 tons of tin oxide, 
containing 28-17 tons of metaUic tin, realizing £8,706 net. 
The oxide was sold to the Mount Bischoff Mining Company. 
The average number of men employed was 24. Operations 
were restricted through a shortage of labour, but towards 
the end of the year conditions in this respect considerably 
improved. Another factor which greatly retarded productive 
operations was the shortage of water. The ore is smelted 
at the Mount Bischoff Smelting Works, Launceston. 

The Dreadnoxtght-Boulder Tin Mines Amalgamated. — 
No Liability. Owing to the exceedingly dry weather durmg 
the first haU of the year, the output was very low, and the 
Company only treated 2,077 tons of stone, or an average of 
349 tons monthly, which was a disappointingly low result 
compared with previous returns. The output of oxide for 
the period was 8^ tons, and the cost per ton for the ore crushed 
and treated, reached the high figure of 135. 6d., and the expen- 
diture for the half-year was £2,196. During the second half- 
year, the results showed an improvement, as 5,225 tons of 
stone were crushed and treated, or an average of 871 tons 
monthly, at a cost of 10s. 5d. per ton for a recovery of 18J 
tons of oxide, the working costs being about £3,500. Prepara- 
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tion has been made for opening up a new face to the south, 
where it is reported that there is a good supply of crush-dirt 
available, estimated at from 10,000 to 12,000 tons. The Com- 
pany has expended over £72,000, and given employment to a 
large number of men, but up to the present the shareholders 
have not received any return for their outlay. 

North Heemskirk 

This field is best described in No. 6 of the Geological Survey 
Reports (not Bulletins), by Mr. Waterhouse (1915). 

AU details of the individual mines, the geology and future 
possibilities of the field can be found in this report. The 
following is taken from the summary of the report. 

Although it is nearly forty years since the first mineral 
section was taken up on the field, the work carried on has been 
somewhat spasmodic, and it is only within the last two or 
three years that any attempt has been made to seriously 
exploit the known alluvial deposits. The result of this attempt 
has been highly satisfactory, and has once again brought the 
field into some degree of prominence. 

Work up to the present time has shown the field to be 
essentially an alluvial, rather than a lode, mining district. 
Several tin lodes have been discovered at different times, and 
in some cases attempts have been made to work them ; some 
have proved rich, but too small to be payable. In one or two 
cases further prospecting is justified, and recommendations 
have been made accordingly. Conditions are certainly favour- 
able for the occurrence of tin lodes, and further prospecting 
may at any time disclose ore-bodies of importance. Such 
prospecting is most likely to be successful if carried out within 
reasonable distance of the line of contact of granite and slate, 
and should be extended to both rock types. 

With regard to alluvial tin-mining, undoubtedly valuable 
deposits do exist. These deposits consist of gravels which 
have been accumulated and brought to their present positions 
by the various streams belonging to a river system which was 
probably very different to that of the present day. With 
these gravels tin oxide gradually accumulated, being derived 
from the rocks denuded, and owing to its weight and resistance 
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to the attacks of chemical agencies, it became concentrated 
as time went on. The alluvial deposits probably accumulated 
on a base-levelled and slowly-sinking land surface. An 
extensive outpouring of basalt covered and preserved many of 
these deposits, which would otherwise long since have been 
denuded. 

The full extent of the gravels has not yet been determined, 
hence no estimate can be given of the length of life of the field. 

In 1918 the Heemskirk Tin Syndicate sluiced 54,448 cubic 
yards of ground for 44J tons of tin ore which, after treatment, 
yielded 28 J tons of tin, valued at £9,297, an average of 18 
men being employed. 

South Heemskirk 

Little work is being done in this district at present owing 
chiefly to incomplete prospecting of certain short rich shoots 
of ore, and exaggerated reports of the results of prospecting 
work which led to a boom, with the result that expensive 
plants were erected on undeveloped mines. 

The latest report on the field is Bulletin No. 21, by Water- 
house. This report is 450 pages long, and deals most exhaus- 
tively with both the physiography and general and economic 
geology. 

Waterhouse states in his conclusion that recent prospecting 
has shown that at least some of the mines were prematurely 
abandoned, and that shoots of tin ore occvu^ in some of the 
veins which should pay well for extraction and treatment 
under modern conditions. 

As pointed out in the course of the report, two of the smaller 
properties are working at a profit, and several others have 
excellent prospects. In the case of the main property on the 
field (the Federation Mine), the immediate cause of the present 
inactivity is want of capital for developmental work, several 
attempts to secure which have unfortunately recently failed. 

In Mr. Waterhouse's opinion, such a general statement 
as has been made from time to time, that " on Heemskirk 
the tin does not Uve to depth," is quite unwarranted ; certainly, 
insufficient deep mining has been carried out to justify such 
a statement, and the evidence provided by such mining work 
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indicates clearly that tin ore does live to depth. This question 
is dealt with in the course of the report, and the opinion 
expressed that conditions are favourable for a continuation 
to depths beyond the reach of economic mining of the tin ore. 
The secondary tin ore deposits of the district have provided 
in the past, and will in the future continue to provide employ- 
ment for a limited number of men, but the chief alluvial de- 
posits have been worked out, and the future of the field must 
depend on the primary ore-deposits. 

Stanley River 

This field is also described by Waterhouse in No. 15 of the 
Geological Survey Bulletins. 

After dealing at length with the general and economic 
geology and the mining properties, Waterhouse concludes by 
stating that the field has not become the centre of activity 
which it was once thought it would be. 

The reasons for this state of affairs are, in the first place, the 
inaceessibihty of the field, and, secondly, the same reasons as 
mentioned above in the case of South Heemskirk. As to the 
future, Woodhouse has great hopes for the field. 

Geological conditions are favourable for the development 
of tin ores in almost any part of the field, although special 
localities are to be recommended for prospecting. Two facts 
are of importance : (a) The intrusion of the stanniferous 
magma into older sedimentary rocks, some at least of which 
had already been more or less shattered and fractured ; (6) 
consolidation being succeeded by a long cycle of erosion, 
which removed great thicknesses of overlying rocks, and cut 
deeply into the igneous rock itself (yet not deeply enough to 
remove aU the igneous and sedimentary rock which formed the 
most likely repository for tin ores). Any of the sedimentary 
rocks may carry tin lodes, while many (Wilson River) are known 
to do so. 

With regard to alluvial, the flat on the Four-mile Creek, 
at its junction with TuUoch Creek, is worth trying, whUe from 
its position the extensive Harman River Flat seems particu- 
larly favourable. It seems likely that tin will be found here, 
and possibly osmiridium as weU. 
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Return showing ithe Quantity and VAiiixB op Tin exported from 
Tasimania prom 1880 to 1904 (compiled prom Customs Returns 
only), and Tin Orb produced during the Years 1905 to 1918, 
inclusive. 



Year. 


Quantity. 


Value. 






Tons. 


£ 


1880 to 1904, inclusive . 


76,708-4 


7,167,564 


1905 . 






3,891-5 


362,670 


1906 . 








4,472-75 


557,266 


1907 . 








4,342-75 


501,681 


1908 . 








4,520-8 


421,580 


1909 . 








4,511-2 


418,166 


1910 . 








3,701-01 


399,393 


1911 . 








3,953-05 


513,600 


1912 . 








3,713-825 


543,103 


1913 . 








4,010-41 


631,983 


1914 . 








2,572-713 


259,300 


1915 . 








2,599-234 


292,306 


1916 . 






2,854-636 


350,852 


1917 






2,637-337 


427,917 


1918 . 




2,256-203 


488,798 


Total . . . 


126,845-818 


13,236,078 



Output op Tin Ore and Tin in wsb Commonwealth op 
Australia. 

In tons (2,240 lb.). 





1912. 


1913. 


1914. 


1916. 


1916. 


1917. 


New South Wales 














metal 


900 


903 


650 


867 


909 


1.109 


ore 


1,175 


2,118 


1,667 


1,331 


1,220 


968 


Northern Territory „ 


271 


268 


160 


140 


— 


— 


Queensland „ 


3,230 


3,197 


2,086 


2,126 


1,707 


1,177 


Tasmania „ 


3,714 


4,010 


2,673 


2,699 


2,866 


2,637 


Victoria „ 


48 


67 


63 


96 


122 


139 


Western Australia „ 


554 


601 


332 


326 


43S 


— 


Total ore and metal 


9,892 


11,144 


7.520 


7,474 






Value .... £ 


1,343,573 


1,397,167 


752,095 


798,941 


^ 


— 



{According to the Imperial Institute.) 
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CHAPTER VII 
INDUSTRIAL APPLICATIONS OF TIN 

PURE tin is only used commercially to a very limited 
extent. It is, however, employed in making such 
apparatus as evaporating basins, infusion pots, distillery pipes, 
stills, etc., but more especially for tin-foil. 

There are two distinct purposes to which tin-foil is put : 
firstly, for the silvering of mirrors ; and, secondly, for wrapping 
up tobacco, chocolates, soap, etc. etc. In the case of silvering 
mirrors the tin-foil must contain a certain amount of copper 
to prevent it from being too readily amalgamated by the mer- 
cury. When used for making tin-foU the metal is rolled into 
thin sheets, which are divided int : small pieces and beaten 
out with a wooden mallet. 

At one time pure tin was largely used for kitchen utensils, 
etc., because it does not tarnish in the air and is proof against 
acid liquids such as vinegar, lime juice, etc., but in order to 
make the vessels of sufficient stability they had to be very 
heavy and, in consequence, were not very practicable. And 
so it is usually employed as a protecting coating for utensils 
of copper and iron. The most important use, however, to 
which tin is put to-day is in the manufacture of tin-plate. 
Tin-plate consists of sheets of iron or steel thinly coated with 
tin by being dipped in a molten bath of that metal. 

Terne-plate is a similar product, but the bath is of tin and 
lead mixed, the latter metal constituting from 75 per cent, 
to 90 per cent, of the whole. The sheets employed in the 
manufacture are called " black plates," and are of steel, either 
Bessemer or open-hearth. There are two processes for the 
tinning of the black plates. The usual process is as follows : — 

After being properly annealed, they ar« scoured with sand 
and water and pickled in dilute sulphuric or hydrochloric acid 

283 
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alternately, until they are perfectly clean and bright. They 
are then passed through the tinning machine, which is usually 
divided into two compartments, but the division does not reach 
to the bottom. " The molten tin in the lower part is covered 
by a flux of zinc chloride in the first compartment, and by 
melted grease in the second. The plates pass through the 
flux and down through the tin, emerging through the grease. 
They then pass through roUs which remove superfluous tin 
and give a smooth and bright surface." {Tin Ores.) 

The history of the manufacture of tin-plate can be told in 
a few lines : For a long period it was a monopoly of Bohemia, 
but about 1620 the industry spread to Saxony. Knowledge 
of the methods employed were brought to England in 1665, 
but the success was small. Fifty years later the manufacture 
was revived by Major John Hanbury, and the " method of 
rolling iron plates by means of cylinders," which is said to 
have been devised by him, proved a formidable rival to the 
German methods. During the next hundred years or so, 
the industry spread gradually in England and Wales, and after 
1834 its expansion was very rapid in Wales. In that year 
Great Britain's total production was 180,000 boxes of 108 lb. 
each ; in 1860 it reached 1,700,000 boxes, and by 1890 the 
figure had increased to 9,500,000. 

The other large producer of tin and terne-plates is the 
United States, but in this case the industry is of quite recent 
date and made no headway tiU 1890. In America, the box 
is taken as 100 lb., and whereas in 1891 the production was 
only 2,236,000 lb., by 1900 it had increased to over 849,000,000 
lb. There was a decline in the production in 1907, but since 
that date the increase has been very marked. 

Tin Alloys 

Tin alloys formed in the tin-plate and terne-plate industry 
have already been mentioned. There still remains, however, 
to speak of pewter and solder, which are examples of tin-lead 
alloys. Pewter, a name which is probably an English modifi- 
pation of "spelter," is the name used to denote a number 
of alloys, but of which tin is always the chief constituent. 

Roman pewter, which is the oldest known, was composed of 
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tin and lead alone, the occasional traces of iron found are 
believed to be accidental. Mediaeval pewter dishes and porrin- 
gers, etc., varied in their proportions of lead and tin somewhat 
as follows : — 4 parts of lead to 96 of tin, 10 parts of lead to 
90 of tin, 4 parts of lead to 100 of tin, 26 lb. of lead to 1 cwt. 
of tin. This last was, however, considerably reduced in the 
middle of the fourteenth century. Towards the end of the 
fifteenth century it was resolved that 26 lb. of brass must be 
mixed with every cwt. of tin. 

One of the next alterations was the addition of a small 
proportion of bismuth, known in those days as " tin-glass," 
and in 1653 a rule was made that 3 lb. weight of tin-glass at 
least must be mixed with every 1,000 lb. of tin. 

At a slightly later date, antimony was introduced, which 
was sometimes mixed alone with tin and sometimes with other 
minerals, such as copper, when the percentage was usually 
96 per cent, tin, 8 per cent, antimony, and 2 per cent, copper, 
which mixture closely resembles that known to-day as Britan- 
nia metal. To-day the lead in pewter used for domestic pur- 
poses must not exceed 20 per cent., or a risk of lead-poisoning 
will be incurred. 

Solders vary in composition according to the use for which 
they are intended. Hard and soft soldering are processes 
which correspond with soldering done at high and low tempera- 
tures respectively. With the hard solders we are not concerned. 
The soft are composed mainly of tin and lead. Common 
tinner's solder is composed of equal parts of tin and lead, the 
melting point being 370° ¥. Plumber's solder is 2 per cent, 
of lead and 1 per cent, of tin. The melting point falls with the 
increase of tin, and the eutectic proportion is reached when 
there is 63 per cent, of tin. Pewterers add bismuth to render 
the solder more fusible, and the aUoy then passes into the so- 
called fusible metals, and the proportion is, perhaps, lead 4, 
tin 3, bismuth 2 ; or, lead 1, tin 2, bismuth 1. The bismuth 
separates out unless cooled quickly. 

With regard to the use of tin for hardening copper, this has, 
of course, been known from ancient times. Mr. Davies 
states that about 5 per cent, is added to copper for coinage 
purposes, while ancient bronzes contain from 8 to 15 per cent. 
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" Gun metal contains 8 to 10 per cent, of tin, and has great 
strength and toughness. In beU metal the percentage varies 
from 16 to 25. Speculum metal for reflectors contains about 
33 per cent, of tin and 67 per cent, of copper, though other 
alloys are now frequently used for the purpose. Gun metal, 
formerly used for casting cannon, is now employed in various 
parts of machines, such as gearings, slide-valves, bearings, 
etc. For these purposes phosphorus is advantageously added 
to act as a deoxidizer, and in excess to increase the hardness 
and resistance to wear. Such alloys are known as phosphor- 
bronze." 

The only other important uses to which tin is put are as 
compounds in the dyeing, calico-printing and silk industries. 

Stannic oxide is used in the ceramic industry, and stannic 
sulphide is employed as a gilding material. 

Other uses are of little importance. 
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CHAPTER Vra 
PRICES, SALE OF TIN, AND WORLD'S OUTPUT 

AS will be seen from the following table, the price of tin 
still keeps up at its abnormal height. One of the chief 
results of this has been that in nearly every part of the world 
tin deposits hitherto looked upon as impayable propositions have 
been worked successfully dining the last two or three years. 

Commenting on the price of tin for the last twelve or fourteen 
years, Mr. Davies says : " In 1905-6 an increasing demand 
for tin, together with a diminished output in the Malay States 
and Banka, caused the price to rise ; this stimulated the 
development of low-grade deposits in AustraUa and elsewhere, 
and caused an increased production, which by 1908 had over- 
taken the demand and brought down the price. Consumption 
continued to increase, however, and from 1908 to 1912 the 
price rose in spite of the increasing supplies from BoUvia, 
Banka and China. In 1913 and 1914 this increased pro- 
duction caused the price to fall, and the first fifteen months 
of the war saw a small demand, low price, and diminishing 
output. In 1916 and the following years, however, the Ameri- 
can consumption grew to unprecedented proportions ; the 
expense and difficulty of mining and shipping the ore under 
war conditions caused a further decUne in production ; and 
consequently prices rose to hitherto unknown figures. 

" High prices, as compared with those of 1914, are hkely to 
rule for some time. To the large demands caused by industrial 
expansion in Allied countries after the war will be added those 
of Germany and Austria ; and only gradually wiU it be possible 
to obtain the capital and machinery necessary for a large 
increase in production. Until the supply more nearly equals 
the demand, high prices must prevail, and this will stimu- 
late the exploitation of low-grade deposits which in 1914 
would have been unremunerative." 
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British manufacturers will, naturally, be particularly 
interested in the methods of sale in vogue in Cornwall, the 
source of supply nearest to their factories. 

The Method of Selling Tin in Cornwall 

For very many years most of the Cornish ore was sold every 
fortnight at Redruth by a system known as Ticketings. 

In May, 1912, the Mining Magazine published an article 
by Mr. Harold E. Fern, the present London Representative 
of the Cornish Chamber of Mines, dealing with the system of 
Cornish Tin Ticketing, and conclusively proving that the 
returning charge under this method of sale was exorbitant, 
that there was insufficient competition, and that the sellers 
seldom seciu-ed the full advantage of a rise in the price of tin. 
It is therefore interesting to note the recent desertion of the 
Tin Ticketing by three of the largest producers — East Pool 
and Agar, Dolcoath, and South Crofty. 

The system of Ticketing is described as follows in the Novem- 
ber, 1919, issue of the Mining Magazine. 

A few days before one of the fortnightly Ticketings, a 
mine, having tin concentrate for sale, either sends samples by 
post to the smelters, or representatives of the smelters call 
at the mine to take samples, and on these the smelter is 
supposed to base his bids. The concentrate is wet, and on 
other than parcels of slime tin, averages from 6 to 8 per cent, 
of moisture. It has been suggested, as the concentrate is not 
re-sampled on delivery at the smelting works, that this affords 
an opportunity to a dishonest mine manager to liberally water 
the parcel and so add to the weight. There is apparently no 
evidence of the occurrence of such a case, and it is believed 
that the smelter's figure on an average is arrived at as the result 
of long experience. Of course, in hot weather, when the 
concentrate is in transit to the smelting works, the evaporation 
is often considerable. The smelters bid on each parcel of 
concentrate submitted, commencing with the mine offering 
the largest quantity. There probably is some competition 
for the first few lots offered, but as soon as a smelter has filled 
his requirements of a certain class of concentrate, his desire 
to purchase becomes less, with a consequent effect on his bids. 
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World's Outpud op Tin Orb (Tin Content). 
{In tons, 2,240 lbs.) 



1912. 



1913. 



1914. 



1915. 1916. 



1917. 



British Empire : 

United Kingdom . 

Australia .... 

India 

Federated Malay States 

Unfederated Malay 
States 

Nigeria .... 

Union of South Africa 

Swaziland . 

Straits Settlements 
Foreign Countries : 

Austria-Hungary 

Bolivia . 

China 

Dutch East Indies 

Indo-China . 

Italy . . . 

Japan 

Portugal 

Siam 

Spain 

United States . 



6,254 

7,194 

323 

48,421 

1,227 

2,020 

1,745 

270 



24 

22,657 

8,644 

19,912 

98 

52 

195 

100 

6,587 

130 

79 



5,288 

8,072 

302 

50,126 

1,240 

3,732 

2,251 

344 

10 



26,326 

8,255 

20,500 

456 



6,748 
64 



5,056 

5,460 

287 

49,042 

1,695 

4,300 

2,024 

347 

6 



4,968 

5,489 

430 

46,766 

3,041 

4,837 

2,067 

409 

40 



4,697 

5,450 

439 

43,870 

3,340 

5,755 

1,928 

321 

21 



21,996 

7,097 

17,973 

64 



21,444 

7,880 

19,523 



50,720 

7,503 

19,548 



6,591 
93 



8,999 
91 



1,765 
126 



3,936 

607 
39,833 

3,063 

6,820 

1,574 

358 

7 



26,813 
11,618 



9,154 
135 



(Figures from Tin Ores — ^Imperial Institute.) 
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(B) BRITISH EMPIRE (AS A WHOLE) 

(C) UNITED KINGDOM (AS A WHOLE) 

(D) ASIAi 
Ie) AFRICA^ 

(F) AMERICA! 

(G) AUSTRALASIA^ 

* Divided up under subsections as in the text. 



CHAPTER IX 
BIBLIOGRAPHY 

INTRODUCTION 

THE following bibliography on Tin of the British Empire, 
with a few exceptions, follows on to that excellent work by 
Frank L. Hess and Eva Hess, Bibliography of the Geology and 
Mineralogy of Tin ; Smithsonian Miscellaneous Collections, 
Vol. Iviii, No. 2, Washington, 1912. This work deals with the 
whole of the world, and is arranged alphabetically by countries 
irrespective of their continents. Other headings are as 
follows : — 

General Bibliography, History, Metallurgy and Chemistry, 
Mineralogy, Mining and Milling, Statistics, and a very complete 
Index. 

All the references are arranged alphabetically by authors, 
and are usually armotated. The only criticism that some might 
make is that it seems a pity that the date of the book or article 
is in very small print, and does not stand out as it should. 
The period dealt with extends from the earliest records to the 
end of 1910. 

In the present bibliography the arrangement is chronological 
by continents. 

The first section {A) deals with General Works. Under this 
head is included items on assajdng, treatment, etc. It covers 
the period from 1910 to 1919, with about half a dozen earlier 
references of importance. The same applies to most of the 
other sections and subsections, except in the cases of Malaya 
and the Indian Empire, where the treatment has been somewhat 
fuller. In the case of Malaya, which falls under section (D), 
subsection 1, owing to the importance of this country as a 
tin producer, the period dealt with is 1880 to 1920. 

297 



298 TIN RESOURCES OF THE BRITISH EMPIRE 

Section (D 2), the Indian Empire, has been treated from the 
earliest records to 1919. Special reference should however be 
made to the excellent work compiled by T. H. D. La Touche, 
A Bibliography of Indian Geology and Physical Oeography, 
2 vols., published at Calcutta in 1917 and 1918. 

Section {D 3), Ceylon, includes practically aU there is on 
the subject, and is taken from the bibliography in Tin Ores, 
published last year by the Imperial Institute. The same 
refers to (D 4), Hong-Kong. 

The remaining sections, as a general rule, cover the period 
1910 to 1919. There are, of course, a few exceptions where 
items are few and far between. 



{A) GENERAL WORKS 


1893-: 


1913 Lacroix, A. . 


1896 
1901 


Phillips, J. A., and 

Louis, H. 
Davies, D. C. . 


1905 


Beck, R. . . . 


1905 


Fawns, S. . . . 


1908 


Thibaidt, P. J. . . 


1909 
1910 


Thomas, H. H., and 

MacAlister, D. A. 
Fern, H. B. . . 


1910 


Hutchin, H. W. . 


1910 
1910 


Mennicke, H. . . 
Turner, H. W. . . 


1910 
1911 


Anonymous . . 
Harden, J. . . . 



(Including Assaying, Treatment, 
etc.) 

" Mineralogie de la France et de ses 
Colonies." Baudry et Cie, Paris, 1893- 
1913. 

" A Treatise on Ore Deposits." Mac- 
millan & Co., Second Edition, 1896. 

" A Treatise on Metalliferous Minerals 
and Mining." Crosby Lockwood, Lon- 
don, Sixth Edition, 1901. 

" The Nature of Ore Deposits," trans- 
lated by W. H. Weed. The Engineer- 
ing and Mining Journal, New York and 
London, 1905. 

" Tin Deposits of the World." Mining 
Journal, 1905. 

" Metallurgy of Tin." Pitman, London, 
1908. 

" The Geology of Ore 'Deposits." 
Arnold, London, 1909. 

" ' Cost Book ' Company." (Accounts 
and Companies.) 

" Tin Dressing." Mining Magazine, 
April, p. 295. London. 

" Metallurgie des Zinns." 

"Tin in 1909." Mining and Scientific 
Press, Jan. 1, p. 61. San Francisco. 

" Recovery of Tin by Bucket Dredges." 

" Electric Tin Smelting." Metallvirgical 
and Chemical Engineering, Sept., p. 
543. New York. 
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1911 
1911 


Louis, H. . . . 
Woodworth, L. B. . 


1911 


Anonjonous . 


1911 


Anonymous . 


1911 


Anonymous . 


1912 


Barnard, W. H. 


1912 


Brown, G. E. . . 


1912 
1912 


Ferguson, H. G., and 

Bateman, A. M. 
Singewald, J. T., Jun. 


1912 


Steinhart, 0. J. 


1912 


Van Brussel, J. B.. 


1912 


Anonymous . 


1912 


AnonjTnous . 


1912 


Anonymous . 


1913 


Turner, T. . . 


1913 


De Launay, L. . 


1913 


Lindgren, W. 


1913 


Brown, G. E. . . 


1913 


Collins, J. H. 


1913 


Falkenberg, O. . 



Metallurgy of Tin." 

' Electrical Separators for Tin Ores." 
South African Mining Journal, Feb. 1 1 , 
p. 991. Johannesburg. 

' Tin Outlook." Mining Journal, May 
6, p. 465. 

' Standardization of Tin." Records of 
the London and West Country Cham- 
ber of Mines, Vol. HI, Part 10, Jidy, 
p. 257. London. 

' Sale of Tin." Mining Magazine, Nov., 
p. 334. London. 

' Tin and Tin Ore : Comparative List of 
Outside Supphes to Europe in Fine 
Tin Contents." 

' Unusual Zone Arrangement of Tin Ore 
in a Vein." Mining Journal, June 13, 
p. 611. London. 

' Geologic Features of Tin Deposits." 
Economic Geology, April-May, p. 209. 

' Some Genetic Belations of Tin De- 
posits." Economic Geology, April- 
May, p. 263. 

' The Sale of Tin Ores." Mining Maga- 
zine, March, p. 202. London. 

' Magnetic Dressing of Tin Ores." Engi- 
neering and Mining Journal, Nov. 23, 
p. 988. New York. 

' Selling Tin Concentrate." Mining 
Magazine, Jan., p. 26. London. 

' Alluvial Tin Mining." Mining Maga- 
zine, April, p. 244. London. 

' Question of Tin Ore Reserves." South 
African Mining Journal, Nov. 9, p. 301. 
Johannesburg. 

' Tin : Thorpe's Dictionary of Apphed 
Chemistry." Longmans, London, 1913. 

' Gites Min6raux et M6talliferes." Ch. 
B6ranger, Paris et LiSge, 1913. 

' Mineral Deposits." McGraw Hill Book 
Co., New York and London, 1913. 

' Cassiterite in Soil." Mining Magazine, 
May, p. 359. London. 

' Black Tin and White Tin." Mining 
World, Sept. 20. London. 

' Treatment of Tinstone and Wolfra- 
mite." Mining Journal, Aug. 23, p. 
815. London. 
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1913 Kern, E. F. 

1913 Schonberg, A. C. 

1913 Sembder, Dr. . 

1913 Anonymous 

1913 Anonymous . 

1913 Anonymous . 

1913 Anonymous . 

1913 Anonymous . 



1914 Griinwald, J. (trans- 
lated by Hodgson, 
H. H.) 

1914 Janin, C. . . . 



1914 Longridge, C. C. 
1914 Mennicke, H. . 



1914 Meredith, H. A. 
1914 Anonymous . 



1914r-16 Beyschlag, F., 
Vogt, J. H. L., 
and Krusch, P. 

1915 Taylor, M. J. . 



"Electro Deposition of Tin." Chemical 
News, Aug. 1, 8, and 15. London. 

" Recovery of Tin by Bucket Dredges." 
Mining World, March 15. London. 

" Einiges aus der Zinnhutten praxis." 
Metall imd Erz, Sept. 22, p. 772. 
Berlin. 

" Knowledge of Tin." Mining Maga- 
zine, Jan., p. 20 ; Feb., p. 25. London. 

"Electric Smelting of Tin." South 
African Mining Journal, June 7, p. 386 ; 
Jtine 14, p. 405. Johannesbiu-g. 

" Tratamiento Electrico del Mineral de 
Estano." Boletin de la Sociedad Na 
cional de Mineria, May-June, p. 251 
Santiago de Chile. 

" ChenhaU's Patent Tin Extraction Pro 
cess." Mining Journal, Sept. 6, p 
854. London. 

" Historical Note on Tin Smelting.' 
{From Book 9 of Hoover's Translation 
of Agricola.) Engineering and Min- 
ing Joiutial, Sept. 13, p. 495. New 
York. 

" The Raw Materials for the Enamel 
Industry." Griffin, London, 1914. 



' Tin and Gold Dressing in 1913." Min- 
ing and Scientific Press, Jan. 3, p. 39. 
Chicago. 

' Tin and Gold Dredging and Mechanical 
Excavators." Third Edition. 

' Fortschritte imd Neuerungen in der 
Metallurgie des Zinns wahrend der 
Jahre 1912-13." Metall und Erz, 
May 8, p. 304. Berlin. 

' Tin Mining Handbook." 

' Electric Tin Smelting." Engineering 
and Mining Journal, Jan. 17, p. 167. 
New York. 

' The Deposits of the Useful Minerals 
and Rocks." Translated by S. J. Trus- 
cott. Maomillan & Co., London, 1914- 
16. 

'Separation of Wolfram from Tin." 
Mining Magazine, Jime, p. 351. Lon- 
don. 
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1916 Ries, H. . . . 
1916 Freeman, W. A. 



1916 


Golick, M. . . 


1916 


Gregory, M. . 


1916 


Hancock, R. T.. 


1916 


Macartney, R. . 


1916 


Martin, W. M. . 


1916 


Martin, W. M. . 


1916 


Partington, J. W, 


1916 


Stannard, 0. J. 


1916 


Stutchbury, M. S. 


1916 


Trewartha-JameB, 




W. H. 


1916 


Trewartha- James, 




W. H. 


1916 


Anonymous . 


1916 


Anonymous . 


1917 


Jones, W. R. . 



" Economic Geology." John Wiley. 
Fourth Edition, 1916. 

" War Time Taxation of Mining Com- 
panies (Its Effect on Gold and Tin)." 
Mining and Engineering Review, Vol. 
Vni, Sept. 5, p. 3 1 9. Sydney and Mel- 
bourne. 

"Analysis of Tin Ores." Engineering 
and Mining Journal, Nov. 4, p. 827. 
New York. 

" Glass Top Concentrating Tables." 
Mining Magazine, March, p. 166. 
London. 

"Glass Top Concentrating Tables." 
Mining Magazine, May, p. 272. Lon- 
don. 

" Glass Top Concentrating Tables." 
Mining Magazine, March, p. 164. 
London. 

" Glass Top Concentrating Tables." 
Mining Magazine, Feb., p. 90. Lon- 
don. 

" Glass Top Concentrating Tables." 
Mining Magazine, May, p. 271. Lon- 
don. 

" Glass Top Concentrating Tables." 
Mining Magazine, June, p. 332. Lon- 
don. 

" Chemical Methods of Tin Extraction." 
Mining Magazine, July, p. 1 5. London. 

" Glass Top Concentrating Tables." 
Mining Magazine, March, p. 156. 
London. 

" Glass Top Concentrating Tables." 
Mining Magazine, Feb., pp. 88 and 
93. London. 

" Glass Top Concentrating Tables." 
Mining Magazine, June, p. 333. 
London. 

" Dredging Operations at the Beginning 
of 1916 (Gold and Tin)." Mining and 
Engineering World, Vol. xliv, Jan. 1, 
p. 32. Chicago. 

" Aluminium-Bronze." Metal Industry, 
July 28, p. 102. 

" Tin and Wolfram Ores." Alining 
Magazine, Nov. 1917, pp. 230-231. 
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1917 Adair, A. . . . 

1917 Partington, J. W. . 

1917 Bichardson, W. W. 

1917 Yunge, G. . . , 

1917 Anonymous . 

1917 Anonymous . 

1918 Anonymous . 
1918 Gowland, W. . 
1918 Hutchin, H. W. 

1918 Johnson, F. . . 

1918 MiUer, E. M. . 

1918 Smoot, A. M. . 

1918 Anonymous . 

1918 Anonymous . 

1918 Anonymous . 



" Methods of Estimating Tin in Low 
Grade Ores, Tailing and Slime." South 
African Mining Journal, Aug. 25, p, 
614. Johannesburg. 
" Taylor Concentrator of Tin Slime.' 
Mining Magazine, Dec, p. 273 
London. 
" Concentration of Tin Gravels." Min- 
ing Magazine, Oct., pp. 151 and 167. 
London. 
" Mercado de Estano." Boletin de la 
Sociedad Nacional de Mineria, Nov.- 
Dec, p. 594. Santiago de Chile. 
" Tin Dressing Problems." Mining 

Magazine, Dec, p. 256. London. 
" Tin Industry in 1910, 1911, 1912, 1913, 
1914 and 1916." Engineering and 
Mining Journal. Annual Article, 1911- 
15 and 1917. 
" Symposium on the Conservation of 
Tin." Chem. and Met. Eng., 1918, 19, 
p. 656. 
" The Metallurgy of the Non-ferrous 
Metals." Griffin, London. Second 
Edition, 1918. 
" Wet Assay of Low Grade Tin Ores : a 
Comparative Study of Methods." Bul- 
letin of the Institution of Mining and 
Metallurgy, No. 164, May 30. London. 
" Alloys of Copper, Tin and Zinc." Metal 
Industry, March 15, p. 203 ; April 5, 
p. 268. London. 
" Statistical Summary of Tin." Chem- 
ical and Metallurgical Engineering, 
Sept. 28, p. 526. New York. 
" Determination of Tin in Concentrates." 
Engineering and Mining Journal, July, 
p. 25. New York. 
" Tin in 1917." Engineering and Min- 
ing Journal, Jan. 12, p. 59. New 
York. 
" Tin Prices and Production." Mining 

Magazine, Nov., p. 231. London. 
" Shaking Frame for Slime Concentra- 
tion (Patented by W. MoDermott)." 
Mining Magazine, Oct., pp. 177, 222. 
London. 
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I'JIO Edser, E. 



1919 Lang, J. H. 

1919 Tnisoott, S. J. 

1919 Anonymous . 

1919 Hancock, R. T. 



1911 Osborne, F. 



(B) 
D. 



1914 Anonymous 



1914 Anonymous 



1916 Blacknell, L. L. 



1916 CuUis, C. G. 



" Comparison of Concentration Results, 
with Special Reference to the Cornish 
Method of Concentrating Cassiterite." 
BuUetin of the Institution of Mining 
and Metallurgy, No. 173, Feb. 13. 
London. 
. "Tin Market in 1918." Engineering 
and Mining Journal, Jan. 11, p. 65. 
New York. 

" Concentration of Tin SUme." Mining 
Magazine, March, p. 181. London. 

" Melting Silver, Nickel, and Bronze 
Alloys by Electricity." Engineering 
and Mining Journal, Feb. 15, p. 323. 
New York. 

" Slime Concentration." Mining Maga- 
zine, Feb., p. 91. London. 

" Colonial Reports." H.M. Stationery 
Office, London. 

" Diplomatic and Consular Reports." 
Stationery Office, London. 

" Home Office. — Mines and Quarries." 
Part 4. Colonial and Foreign Statis- 
tics. H.M. Stationery Office. Annual. 

" Metal Statistics." American Metal 
Market Co., New York. Anntial. 

" Mineral Industry." McGraw HiU 
Book Co., New York and London. 
Annual. 

BRITISH EMPIRE 

" Tin Resources of the Empire." Jour, 
of the R. Soc. of Arts, Feb. 17. Lon- 
don. 

"Tin Resom-cea of Malaya and India." 
Bulletin of the Imperial Institute, Vol. 
XII. April-June, p. 278. London. 

" Tin Resources of Nigeria, South Africa, 
and Australia." Bulletin of the Im- 
perial Institute, Vol. XII, July-Sept., 
p. 442. London. 
. " Tin in the British Empire." Metal 
Industry, Vol. ix, Sept. 15, p. 314. 
London. 

" Mineral Resources of the British Em- 
pire." Transactions, Society of En- 
gineers, p. 240. 
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1919 Miles, E. T. . . " Australian Mining Activities in Malaya 

and Siam." Mining Magazine, April, 
p. 250. London. 



(C) UNITED KINGDOM (Cornwall, Devonshire and 
Scotland) 



1903-4 Flett, J. S., and 
aough, C. T. 

1906 Hill, J. B., and Mao- 
Alister, D. A. 



1907 Reid, C, and others 

1909 Ussher, W. A. E., and 

others 

1910 Dew, J. W. H. 



1910 Reid, C. , Barrow, G. , 
and Dewey, H. 

1910 Anonymous . 



1910 Anonymous . 

1911 Collins, J. H. . 

1911 Collins, J. H. . 

1911 Letcher, O. . . 



' Magnetite with Tinstone from Ross- 
shire." Summ. Prog. Geol. Surv. for 
1903, 1904, p. 58. 

' The Geology of Falmouth and Truro 
and of the Mining District of Cam- 
borne and Redruth." Mem. Geol. 
Surv. 1906. 

' The Geology of the Land's End Dis- 
trict." Mem. Geol. Surv., 1907. 

' The Geology of the Country around 
Bodmin and St. Austell." Mem, Geol. 
Surv., 1909. 

' Hydraulic Tin Mining on Breney Moor, 
Lanlivery, Cornwall." Records, Lon- 
don and West Country Chamber of 
Mines, Vol. Ill, Part 6, June. p. 151. 
London. 

' Tin in the Padstow and Camelf ord 
District." Memoir, Geol. Surv. of 
England and Wales, p. 99. 

' Cornish Mines, Working Costs, 1909- 
1910." Records, London and West 
Country Chamber of Mines, Vol. Ill, 
Part 6, June, 1910, p. 158 ; Part 9, 
March, 1911, p. 227. London. 

' Mining in Cornwall from a Business 
Standpoint." Records, London and 
West Country Chamber of Mines, Vol. 
Ill, Part 6, June, p. 162. London. 

' Neglected Mining Districts in the West 
of England." Records of the London 
and West Country Chamber of Mines, 
Vol. Ill, Part 8, Jan., p. 200. London. 

■ Tin Mining in Cornwall." Presiden- 
tial Address before the Royal Geol. 
Soc. of Cornwall, Oct. 31. 

■ Review of the Tin Mining Industry of 
Cornwall." Mining and Engineering 
World, Aug. 26, p. 383. Chicago. 
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1911 Roid,C.,and others . 

1911 Anonjrmous . 

1911 Anonymous . 

1911 Anonjrmou8 . 

1912 Collins, J. H. . . 

1912 Collins, J. H. . . 

1912 Fern, H. E. 

1912 Fleet, J. S., and 
Hill, J. B. 

1912 Friedensburg, Dr. . 

1912 Harden, J. . . . 



1912 Macnamara, J. E., 
and Fern, H. E. 

1912 Peach, B. N., and 

others 
1912 Reid, C, and others 



1912 Ruthenburg, M. 
1912 Steinhart, O. J. 



" Tin and Copper Mines of the Tavistock 
and Launceston District." Memoir, 
Geological Survey of England and 
Wales, pp. 86, 89, 120. 
"Battery Costs in Cornwall in 1910." 
London and West Country Chamber of 
Mines, Vol. Ill, March, p. 244. Lon- 
don. 
"Mining in Cornwall." Mining and 
Scientific Press, Sept. 9, p. 318. San 
Francisco. 
"Alluvial Tin in Cornwall." Engineer- 
ing and Mining Journal, Oct. 14, p. 747. 
New York. 
" Historical and Other Notices of Mining 
in the Northern Part of the Parish of 
Saint Agnes, Cornwall." Records, 
Royal Cornwall Polytechnic Society, 
p. 64. 
" Observations on the Mining Region of 

the West of England." 
" Cornish Tin Ticketing." Mining Maga- 
zine, May, p. 351. London. 
"Tin and Copper Mines of the Lizard 
District." Memoir, Geol. Surv. of 
England and Wales, p. 257. 
" Erzbergbau in Cornwall und Devon- 
shire." Gluckauf, Essen (Ruhi-), June 
29, p. 1029. 
" Electric Smelting and Reduction of Tin 
Ore in England." Mining and Engi- 
neering World, March 16, p. 604. 
Chicago. 
" AlluvisJ Tin Mining on Goss Moor, 
Cornwall." Mining Magazine, July, 
p. 46. London. 
" Tinstone in Ross-shire." Geol. Surv. 

of Scotland, Memoir 93. 
" Tin, Copper, and Lead Mines of Dart- 
moor." Memoir, Geol. Surv. of Eng- 
land and Wales, " Geology of Dart- 
moor," p. 74. 
" New Method of Dressing Cornish 
Tin Ores.' ' Metallurgical and Chemical 
Engineering, July, p. 411. New York. 
' ' Cornish Tin Ticketing. ' ' Mining Maga- 
zine, June, p. 430. Loudon. 
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1913 Hutchin, H. W. 

1913 Wilkinson, W. F. 
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1914 Hall, T. C. F. . 
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" Cornish Tin Ticketing." Mining Maga- 
zine, Sept., p. 219. London. 
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" Metalliferous Deposits of Cornwall and 
Devon." 

" Geology of the East Pool Tin Mine, 
Camborne, Cornwall." Mining Maga- 
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Ardlethan & Bygoo Mine, N.S.W., 

225, 231-233 
Argonaut Mine, Tasmania, 257, 266 
Argyrodite, 13 
Aribi, Nigeria, 174 
Arsenopyrite, Malaya, 76, 83, 85, 86, 

89, 90 
Assyrian " anaker," 4 
Australasia, 213-279 

BibUography, 327-336 
Australia, 213-256 

Discovery of tin, 213 

List of mines, 214-216 

New South Wales, 224-238 

New Zealand, 279 

Northern Territory, 238-245 

Queensland, 213-223 

South Australia, 255-258 

Statistics, 276, 277, 27 
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Australia (contd.). 

Tasmania, 256-276 

Victoria, 246, 250 

Western Australia, 250-255 
Australian Mine, Tasmania, 266 
Avoea District, Tasmania, 257, 267 

Output, 275 
Ayer Dangsan Mine, South Perak, 86 
Ayun, Malaya, 107 

Backwater, N.S.W., 227, 228 

" Badil," 3 

Bakau, Selangor, 65 

Bald Nob Mine, N.S.W., 225, 228 

Bald Rock Creek, Torrington, 

N.S.W., 231 
BaUandean District, Stanthorpe, 222, 
223 
List of mines, 216 
Bamford State Battery, Herberton, 

220 
Bangkok, Siam, 62 
Bangkok-Singapore Railway, 134 
Banhuni, Burma, 133 
Banka, Dutch East Indies, 289 
Barncoose, Cornwall, 25 
Baro-Kano Railway, 161 
Bassett, North and South, Cornwall, 

29 
Batang Fadang, Malaya, 63, 65, 76, 

121 
Batavia River, Stanthorpe, output, 

223 
Batu Gajah, Malaya, 88 
Batu Pahat, Malaya, 102 
Bauchi Plateau, Nigeria, 7, 156, 167, 
159, 160, 161, 162, 166, 169, 
171, 174, 178 
Mining leases, 169 
Bauchi Tin Mines, Ltd., 163, 171, 174 
Bayly's Lode, Cornwall, 34 
Bedford United Mine, Devon, 24, 35, 
37, 38 
Output, 38, 41 
Beehive Mining Co., Queensland, 222 
Bell-metal ore, 8 
Bendemeer Division, N.S.W., 228 

Output, 236 
Bengal, India, 123, 124 
Ben Lomond District, Tasmania, 

257, 267, 268 
Benom Range, Malaya, 57, 58, 69, 65 
Bentong, Pahang, 66, 74, 99, 110 
Benue Tin Mines, Ltd., 170, 172 

Output, 183 
Berhala Tambun, Malaya, 106 
Bernam River, Malaya, 60 
Bhamo, Burma, 127 



Bibliography, 295-342 
Africa, 325-332 
America, 332-333 
Asia, 309-325 
Australasia, 333-342 
British Empire, 303-304 
General Works, 298-303 
United Kingdom, 304^309 
Bidor, Malaya, 65, 93 
Big Bygoo Mine, N.S.W., 232, 233 

Output, 232 
Big Hill, Tavoy, 139 
Bihar, India, 123 

Bihar and Orissa, India, output, 147 
Bischoff MiU, Herberton, 217 
Bisichi Tin Co., Ltd., 170, 172, 183 
Black Dog Mine, Cornwall, 37 
Black Hills, S. Dakota, 8 
" Black Tin," 9 
Output of, AustraUa, 217, 218, 252 
Cornwall, 24, 26, 27, 29, 33, 34, 

35, 36, 37, 38, 40, 41, 49 
Malaya, 82 
Blat Tin Field, Malaya, 109 
Bloomfield River, Queensland, 213, 

221 
Blue Mountain Gully, Stanthorpe, 

222 
Blue Tier Mines, Tasmania, output, 

275 
Bokpyin, Burma, 133 
Bolintaung - Byaukchaung Range, 

Burma, 139 
Bolintaung Peak, Burma, 139 
Bolivia, 7, 8, 11, 12, 13, 18, 289 
Bombala, N.S.W., 224 
Bombay, 124 

Boreamble, Yalgogrin, N.S.W., 231 
Borneo, 71 
Botallack Mine, Cornwall, stannite 

deposits, 8 
Bowden Mineral Field, Queensland, 

213 
Branxhohn District, Tasmania, 257, 
265 
Output, 275 
BreUch, Mr. H., 100 
Briseis Mine, Tasmania, 257, 264, 

265 
Briseis Tin & General Mining Co., 
264, 265 
Output, 264 
British Columbia, 208 
British Empire, Imports of tin to, 
42,43 
Exports of tin from, 44-47 
British Isles, 17-62, 294 
BibUography, 304-309 
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British leles {contd.). 

Cornwall, 17-37, 40, 41, 48, 49 
Devon, 17-24, 37-39, 41 
Ireland, 62 
Scotland, 50-62 
Broadwater River, Stanthorpe, 222 
Broken Dam Mine, N.S.W., 225 
Bronze, Tin content of, 3, 8, 285 
Bronze Age, 3, 4, 6, 7 
Brown, Mr. H. Y. L., 256 
Bruseh, Perak, 93, 94, 121 
Bruseh Hydraulic Tin Mines Co., 93, 

94 
Bucket-dredging, Malaya, 71-73, 96, 
97 
Nigeria, 173, 175 
New South Wales, 230 
Buddigomer Mine, N.S.W., 225 
Bujang Malaka, Ma aya, 74, 82 
Bukit China, Malaya, 109 
Kamblng, Malaya, 84 
Mertajam, Malaya, 60 
Buntoh, Malaya, 103 
Tawang, Malaya, 105 
Yong, Malaya, 106 
Bukuru, Nigeria, 174 
Bundi, Melsya, 66, 74 
Output, 105 
Mine, 63, 104 
Bungonia, N.S.W., 224 
Burma, 125-151 

Bibliography, 215-218 
Climate, 126 
Currency, etc., 128, 129 
Deposits, list of, 133 
Development Syndicate, 134 
Geography, 125 
Geology, 126 
Historical, 135-137 
Output, 138, 146, 147, 148, 151 
Rivers and lakes, 127 
Roads and railways, 127, 128 
Burra Creek Mine, N.S.W., 225 
Bush veld Tin Mines, Ltd., 189 
Butler's Mine, N.S.W., 230, 231 
Byoukchaung, Tavoy, 139 
Bygalow Mine, Tingha, 227 
Bygoo, Ardlethan, N.S.W., 232 
Bynor Harbour, Northern Territory, 
238, 239 

Camboume, Cornwall, 21, 22, 24, 26, 

28, 29, 30 
Cambridge Museum (stokesite), 11 
Canada, 207-210 

Imports of tin, 209, 210 
Csnfieldite, 13 



Canfieldite {contd.). 
Analysis, 13 
Occurrence, 13 
Cannibal Creek, Queensland, 213 
Canning, Mr. A. R., 163 
Cantonese, Mining by, 80 
Cape Province, South Africa, 189, 
190, 191 
Deposits, 196, 197 
List of mines, 190 
Output, 199 
Carlean, Thomas, discoveries in 

N.S.W., 224 
Cam Brea, CornwaU, 8, 25, 27, 28, 29 
Output, 40 
South, Cornwall, 29 
Came, Report on the mines of 

N.S.W., 225 
Carpathia Mine, N.S.W., 232 

Output, 232 
Carpenters Gully, Queensland, 222 
Cassiterides, 4, 6 

Islands, 5 
Cassiterite, tinstone and tin ore : 
Australia, N.S.W., 224, 226, 228, 
229 230 
Northern Territory, 239, 240, 

243, 244 
Queensland, 221, 222, 223 
South, 256 

Victoria, 246, 247, 248, 249 
Western, 250, 252, 253, 254 
Burma, 129, 131-135, 138, 139, 

140, 144 
Canada, 207 
CornwaU, 17-49 
Dindings, 102 

German S.W. Africa, 201, 202 
Gold Const, 186-188 
India, 123, 124 ; Ceylon, 151, 152 
Ireland, 52 
Malacca, 102 
Malaya, 64, 65, 66, 73, 74, 75-78, 

83-95, 97, 100, 102-106 
New Zealand, 279 
Nigeria, 181, 182 
Scotland, 50, 51 

South Africa, 189, 193-198, 200 
Tavoy, 149-151 
Tasmania, 266, 268, 271, 274 
" Cassiteron," 3 
Ceylon, 151, 152 
Chacewater, Cornwall, 35 
Chalon-sur-Saone, 5 
Champian Gold Reefs of West Africa, 

Ltd., 161 
Chanderiang, Malaya, 65 
Chandler's Shaft, N.S.W., 229, 230 
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Changat Pari, Perak, 83 

Chappatand, Bengal, 123 

Charters Towers, Queensland, out- 
put, 223 

Chaucer, 4 

Chendai Consolidated, Ltd., 85 

Ch'hando, Burma, 133 

ChiU, 19 

Chillagoe, Queensland, 213, 216, 217, 
220 
List of mines, 214 
Output, 223 

Chillagoe and Herberton Gold and 
Mineral Fields Co., Ltd., 213, 
214 

China, early mining in, 4 
Export, 289 

Chin-Chin, 102 

Chinohong, Pahang, 66 

Chinese Co-operative Parties, Tas- 
mania, 266 

Chinese labour, 78, 80, 237 

Chinese, mining by, Burma, 129, 133, 
134 
India, 130 

Malaya, 64, 66, 67, 88, 96, 100, 
103, 104 

Christmas Gift Mine, Kangaroo HiUs, 
220 

Clarke, Geo., mineral claim in 
N.S.W., 231 

Clifton Creek Tin Mine, Tasmania, 
264 

cutters Mine, see Gunnislake. 

Cobar Mining District, N.S.W., 234, 
235 237 

Coggin Brown, J., 135, 138, 143, 149, 
150 

CoUins, J. H., 24 

Colquechaoa, Bolivia, 13 

Commonwealth Mine, N.S.W., 233 

Companies, Ust of, Nigeria, 170, 171, 
183 
South Africa, 189, 190 

Conapaira, N.S.W., 231 

Conder, Mr., 269 

Consolation Mine, Queensland, 217 

Contract System, Malaya, 78 

Cooglegong, Western Australia, 253 

Cook's Kitchen Mine, Cornwall, 24 

Cooktown District, Queensland, 215, 
220, 221 
Deposits, 220, 221 
List of mines, 215 
Output, 223 
Tin area, 220, 213 

Coolgardie District, Western Aus- 
tralia, output, 254 



Coolgarra, Queensland, 213 
Co-operative parties, Tasmania, 266 
Cornish Chamber of Mines Year 

Book, 19, 20, 38, 40, 41 
Cornwall and Devon, 17-49 

Bibliography, 298-303 

Deposits, 2^37, 38, 39 

Geology, 20-23 

Historical sketch, 6, 17 

Labour, 48 

List of mines, 23, 40, 41 

Output, 17, 18, 40, 41, 49 

Proposed development, 30 

Statistics, 40, 41, 48, 49 
" Costean," 4 

Cox's Bight, Tasmania, 269 
Crane Mine, Cornwall, 29 
Crest of Wave Mine, Western Aus- 
tralia, 241, 242 
Crofty East Mine, Cornwall, 27 
Crofty North Mine, 29 
Crofty South Mine, 26, 27, 29, 291 
Crdnebane Mine, Ireland, 8 
Cross-tinning, 4 

Croydon, Queensland, output, 223 
Crystal Creek, Tasmania, 266 
Cupro-cassiterite, 8, 9 
Currumbin, Queensland, 223 
Cygnet Tin Mining Co., 268 
Cylindrite, 12 

Analysis, 12 

Occurrence, 13 

Dalkey, Co. Dublin, cassiterite de- 
posits, 52 

Dalrymple Tin Mining Co., 268 

Daly River District, Northern Terri- 
tory, 238, 240 
Output, 245 

Dambal, India, 124 

Dana, 7 

Davies Island, Burma, 134 

Davies, Mr., 19, 99, 100, 191, 198, 
268 289 

Dawib, German S.W. Africa, 202 

Dawn of Hope Mine, Queensland, 220 

Deep Lead, Herberton, 213 

Deepwater, N.S.W., 230 
Bucket-dredging, 230 
Output, 230, 236 

Delimi River, Nigeria, 173, 175 

Depang River, Malaya, 91 

Derby District, Tasmania, output, 
275 

Desire Tin Mine, Tasmania, 257, 267 

Devon, 17-24 
Deposits, 37-39 
Labour statistics, 48 
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Devon {eontd.). 

List of mines, 24, 41 

Output, 41, 49 
Devon Friendship Mine, 24, 38 
Dharwar, Bombay, tin-oxide de- 
posits, 124 
Diebidale Lodge, Scotland, 50 
" Din," 4 

DindingB, Malaya, 56, 58, 60, 62, 65, 
100, 102 

Tanah padi deposits, 121 
Ding Dong Mine, Cornwall, 23, 36 
Dolooath Company, 24, 29 

Mine, 17, 23, 24, 25, 30, 291 
Output, 40 
Don Tin Dredging Co., 228 
Dora Dora Mine, N.S.W., 224, 225 
Dreadnought Boulder Tin Mines 

Amalgamated, 271, 272 
Dredging, see Methods of mining. 
Dress, Nigeria, 172 
Drumlish Hill Mine, N.S.W., 233 
Dry River, Herberton, 213 
Dubois, Ren6, discovery of ore in 

N.S.W. by, 233 
Duchy of Cornwall Mines, 23, 31, 35 
Dullah Tin Field, N.S.W., 233 
Dumboy Mine, N.S.W., 225 
Dundas, North, Tasmania, 269, 270 

Geology, 270 

Method of mining, 271 

Output, 271, 272 
Du-Stream, Nigeria, 173 

Earliest records of tin : 

Australia, 213 

Azores, 5 

Britain, 5 

Burma, 129, 135 

China, 4 

Egypt, 4 

Ireland, 52 

Malay Peninsula, 63 

Nigeria, 159 

New South Wales, 224 

Persia, 4 

Portugal, 5 

Queensland, 213 

Scilly Isles, 5 

Spain, 5 

South Africa, 190 

Tavoy, 136 
Early weapons, 5, 6 
East Coast Tin Fields, Johore, 102,103 
Eastern Division, Tasmania, 257, 

266-268 
Eastern Section, Mitta Mitta, Vic- 
toria, 246, 247 



Eastern Smelting Co., Fenong, 78 
East Pool & Agar, Ltd., 23, 25, 26, 

30, 31, 40, 291 
East Pool Mine, Cornwall, 25 
East Boss, Scotland, cassiterite de- 
posit, 50, 51, 52 
East Transvaal Tins, Ltd., 189 
Echo Mine, Tasmania, 257, 265, 266 
Egypt, early mining in, 4 
Elsmore Mines, N.S.W., 224, 228 
" Elvana," 21 
Emmaville Division, N.S.W., 224, 

225, 229, 230 
Output, 229, 236 
Endau, Malaya, 102 
Endurance Tin Mining Proprietary, 

Tasmania, 264 
Engine Lode, Cornwall, 2.t 
Enterprise District, Rhodesia, 199, 

200, 201 
Entonjaneni District, Zululand, 197 
Erongo Range, German S.W. Africa, 

201 
Eslcdale, Mitta Mitta, Victoria, 246, 

247 
Output, 250 
Etheiidge, Stanthorpe, Output, 223 
Euabalong Division, N.S.W., 234, 

235 
Eureka Mine, Queensland, 220 
Euriowie, N.S.W. , 224 
Ewan Mine, Queensland, 220 
Ex-lands, Nigeria, Ltd., 170, 172, 

183 
Exports, sec Statistics. 
Extenuate Mine, Herberton, 217 



Falkner, Dr., Government Geologist, 
Nigeria, 163 

Falmouth, Lord, mine leased from, 
35 

Faure Syndicate, Ltd., 190 

Federation Mine, Tasmania, 273 

Feldtmann, 251 

Feminine quaUties of tin, 4 

Fern, Harold E., Cornish Chamber of 
Mines, 20, 291 

Fifield Mine, N.S.W., 225 

Fitch, Ralph, 129, 136 

Forbes Reef, Swaziland, 198 

Forum River, Nigeria, 170, 172, 173 
Output, 183 

Foster's Freehold Tin Mine, Tas- 
mania, 257, 267 

Four Mile Creek, Tasmania, 274 

Four Miles Creek, Stanthorpe, 222 

Francis, M. A., 99 
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Vranckeite, 12, 13 

Analysis, 12 

Occurrence, 12 
Froghole Extended Mine, Queens- 
land, 216 
Further India, see Burma. 

Gambang Tin Field, Malaya, 109 
Geevor Co., Cornwall, 23, 33, 34 

Output, 40 
Geology, Burma, 126 

Cornwall and Devon, 20-23 
Malaya, 66-60 
Nigeria, 156, 157 
Germanium, 12, 13 
Germanton Mine, N.S.W., 225 
" German " South West Africa, 201- 

203 
Germany, 32 
Gibb-Maitland, 251 
Gilchrist and Johnson, 222 
Gilgai, N.S.W., 228 
Gipps Creek Mine, Tasmania, 257, 267 
Girouard, Sir Percy, 161 
Gladstone Gold, Tin and Wolfram 

Development Co., 264 
Gladstone District, Tasmania, 262, 
263, 264 
Output, 275 
Glen Innes Division, N.S.W., 227, 228 

Output, 227 
Glossary, Malaya, 120 
Gnar, Nigeria, 172 
Gold Coast, cassiterite deposits, 185- 

188 
Golden Stream Syndicate, 136 
Gondwana outcrop, clays, Malaya, 

59, 60, 83, 86, 91 
Good Friday United Mine, Herber- 

ton, 217 
Good Hope Tin Mines, Ltd., 190 
Gopeng Consolidated Mines, Malaya, 
89 
Tin Fields, Malaya, 63, 64, 81, 83, 
88, 89, 121 
Gora River, Nigeria, 172 
Gordon's Shaft, Emmaville, N.S.W., 

229, 230 
Goschen, Tasmania, 266 
Governor Norman Mine, Herberton, 

218 
Gowland, Professor W., notes on 

early weapons by, 5, 6 
Great Britain Tin Mining Co., New 

South Wales, 224 
Great Northern Freehold Mine, 
Queensland, 216 
Tin Co., Queensland, 214 



Great Republic Tin Mine, Tasmania, 
267 

Greenbushes, Western Australia, 251- 

253 
^Machinery in operation, 253 

Output, 252, 254 
Greisen, 21 

Grenville Company, 23, 36, 37 
Grifona Tin Mine, Transvaal, 189 
Groenfontein Tin Mine, Transvaal, 

189 
Groenvlei Tin Mine, Transvaal, 189 
Groom River, Tasmania, 266 
Ground-sluicing, Malaya, 68-70 
Gujarat, India, 124 
Grnnble Mine, N.S.W., 225 
Guudle Mine, N.S.W., 224, 225 
Gun-metal, tin content of, 286 
Gunnislake Glitters Mine, Cornwall, 
34, 35 

Output, 40 
Gimong (moimtain, Malay) : 
: Bakau, 94 
E. Kerbau, 58 

Lano Mine, 87 
i. f Output, 87 
2- Raja, 96 
•' Tahan, 58 

Gungong Tempurong, Malaya, 91, 92 
Gwithian Sands, Cornwall, 30 

Haekett, Geo., Mineral claim, Tot- 
tington, N.S.W., 231 

Hailams, 80 

Hainan, 80 

Hamilton, N.S.W., 229 

Hanbury, Major John, 284 

Hangpru, Burma, 133 

Harman River Flat, Tasmania, 274 

Harrisdale Diamonds, Ltd., 189 

Hartley District, Rhodesia, 189 

Hawkmoor Mine, Cornwall, 35 

Hazaribagh, India, cassiterite de- 
posits, 123, 147 

Heather, F., Prospector, Holbrook, 
N.S.W., 234 

Heemskirk, North and South, Tas- 
mania, 272, 273, 274 
Tin Syndicate, 273 

Heinde River, Burma, 145 

Heinze, Burma, 136, 145 

Heifer, Dr., 135 

Hemerdon Mine, Devon, 24, 38, 39 

Hemerdon Mines, Ltd., 38, 39 
Output, 39 

Herberton, Queensland, 213, 216- 
220 
Machinery in operation, 219, 220 
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Herberton {contd.). 
Mines, list of, 214, 215 
Output, 223 
Herbert River, Herberton, 213 
Herlihy, D. L., Mining claim, N.S.W., 

234 
Herman, list of mines, N.S.W., given 

by, 224 
Hermingyi, Burma, 139 
Heroditus, 3 

Heron, A. M., 135, 138, 143 
Hesamkong, Burma, 133 
Hidden Valley Tin Field, N.S.W., 

241, 242 
Hingston So Glitters Mining Co., 35 
Hingston Down Consols Mine, Corn- 
wall, 34, 35 
Historical Sketch, 3-7 
Hitchen's Lode, Cornwall, 34 
Hoekberg Tins, Ltd., 189 
Hogue's Creek, Glen Innes, N.S.W., 

227, 228 
Hohmann, Tlieodor (teallite), 11 
Holbrook Division, N.S.W., 234 

Output, 2:U 
Holland, Sir T. H., 174 
Homer, 3 

Homeward Bound Mine, N.S.W., 233 
Hong Kong, Alluvial deposits, 152 

Exports, 101 

Imports, 152 

Tin-refining, 152 
Horseshoe Greek, N.S.W., 241 

Output, 24.') 
Hough, Mr., 130 
Hughes, T. W. H., 130, 136 
" Hut," 3 



IHad, 3 

lUogan, Cornwall, 31 

Ilorin, Nigeria, 169 

Imperial Institute, Research by : 

Ceylon, 151 

Nigeria, 161 

Nyasaland, 189 
Imports, see Statistics 
India, 123, 124 

Exports, 101 

Imports, 149 
Industrial applications of tin, 283- 

286 
Inverell, N.S.W., 224, 228 

Output, 228 
Ipoh, M.ilaya, 70, 83, 84 
Ireland, 52 
Iris Syndicate, 269 
Iron Age, 7 



Irvinebank, Queensland, 215, 216, 

217, 218, 219 
Irvinebank Mine Co., 217, 218 
Mill, 218 

Jambughoda, India, 124 
Janka Valley, Malaya, 63, 64 
Jantar, Nigeria Co., Ltd., 170, 173, 

183 
.Jeher, Malaya, 83, 121 
Jehoshaphat Mine, Malaya, 82, 92 
Jehoshaphat Valley, Malaya, 91 
Jelebu, Malaya, 65, 74, 98 
Jelunteh, see Gopeng 
Jemaa, Nigeria, 179, 182 
Jemaluang, Malaya, 102 
Jewellery (tin), 7 
" Jowshouse " tin, 3 
.Jingah River, Malaya, 103 
Jingellic, N.S.W., 224 
Johore, Malaya, 6.5. 102, 103, 109 

Exports, 101, 117 
Jones, Mr., 85, 86 
Jos, Nigeria, 172, 173 
Junee Division, N.S.W., 233, 234 

Kadeik, Burma, 146 

Kaduna Syndicate, Ltd., 170, 173, 

183 
Kahan Hill, Burma, 133 
Kajang Mine, Malaya, 105 
Kalonta, Burma, 139, 144 
Kalurapang, Malaya, 0.5 

Valley, Sla'.aya, 95 
Kamaungthwe, Burma, 143, 145 
Kambay, Burma, 138 
Kampar, Malaya, 74 
Kanbaulc, Burma, 138, 139, 143 
Ranching Valley, Malaya, 98 
Kangaroo Hills, 213 

District, 220 

Mines, list of, 215 

Mining Syndicate, 220 

Output, 223 
Kano Tin Area, Nigeria, 169, 174, 

183 
Kantappa Mine, N.S.W., 225 
Kaolin, 22 
Kapanga Mine, 252 
Kapatog Range, India, 124 
Karama, Nigeria, 182 
Karathuri, Burma, 133 
Karenni, Burma, 129, 131, 132 
" Kaffalrepos, " 3 
" Kastira," 3 
" Kasdir," 3 
Kechaung, Burma, 139 
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Kedah, Malaya, 106, 107 

Export, 101, 117 
Kedah Singgora Bange, 60 
Keddy, Charles, 207 
Keffi, Nigeria, 160 
Keffi Tin Co., Nigeria, 170, 180, 181 

Output, 183 
Keh-daung (Tin Hill), Burma, 131 
Kelantan, Malaya, 72, 105, 106 

Export, 101, 117 
Kemaman, Malaya, 63, 66, 105 

Export, 105 

Labour, 105 

Limited, 105 

Output, 105 
Kempsey, N.S.W., 224 
Kenaboi River, Malaya, 99 
Kenong, Malaya, 66 
Kerling Valley, Malaya, 95 
Khamaunghla, Burma, 136, 145 
Kildrummie, N.S.W., 234 
KiUamey Mine, N.S.W., 233 
KUlas, 20, 21 
Killefreth Company, 35 

Mine, 35 
Kingsdown (Hewas Water) Tin Mines 

Ltd., Cornwall, 36 
King's Sound Mine, 254 
Kiuta (North) Lode Company, 85 
Kinta VaUey, Malaya, 60, 63, 65, 72, 
77 

Deposits, 81-83 

Lode-mining, 74 

Sooi6t6 des Etaina de, 86, 89 
Kintra Tin Mines, Ltd., 89 
Kit Hill Mine, Cornwall, 34 
Kledang Range, Malaya, 60, 81, 82, 
85, 93 

Lode mining, 74 
Klian Intan, Malaya, 74 

Mine Field, 63 
Klong Bankwa, Burma, 134 
lUong Nam Sai, Burma, 134 
Koban, Malaya, 86 
Koeohlin (Teallite), 11 
Koetong and Oudgewa Area, Vic- 
toria, 248, 249 

Output, 250 
Kohero East Mine, German S.W. 

Africa, 202 
Koorboora Tin Lode, Queensland, 

213, 217 
Kota Tenggi, Malaya, 102 
Kowloon, China, 152 
Kramet Pulai Mine, Malaya, 87 
Krian, Malaya, 65 

Krian, Malaya, Irrigation scheme, 
61 



Krian Kulim, Malaya, 106 

Kuala Dipang, Malaya, 74 

Kuala Kali, 96 

Kuala Kamaman, 104 

Kuala Kangsar, 65 

Kuala Kerling, 96 

Kuala Kubu, 96 

Kuala Lumpur, 65 

Kuala Muda, 106 

Kuala Pilah, 99 

Kuantan, Malaya, 66, 74 

Kuantan River, Malaya, 99 

Kubang Pasu, Malaya, 106 

Kwall Falls, Nigeria, 174 

Kyaukanya Peneichaung Range, 

Burma, 139 
Kyaung-Kapra, Burma, 133 
Kyaung-ta-naung, Burma, 133 

Labour, Australia, 237, 238 
Burma, 132, 134, 135 
ComwaU, 26, 28, 29, 33, 34, 35, 37, 

38, 48 
Malaya, 78, 79, 80, 81, 105, 107, 

114, 115, 119 
Nigeria, 165, 167, 175, 176-178 
Slave, Malaya, 65 
Tribute system, Australia, 241 
Malaya, 68, 78, 79, 89, 90, 106 
Tasmania, 271 
Lachlan, N.S.W., 224 
Lachlan Mining District, N.S.W., 

231-234 
Lahat Mine, Malaya, 86 
Lahat Tin Mining Co., 86 
Lahz, Arthur and Edward Linfoot's 

mineral claim, N.S.W., 231 
" Lampan," Malaya, see Methods of 

mining 
Langa Langa, Nigeria, 180, 181 
Lanno, Malaya, 86 
Larut, Malaya, 65 
Las Animas, Bolivia, 12 
La Touche, T. H. D., 130 
Launcelot Tin Mine, Queensland, 213 
Laws, Mr., 160 

Leases and prospecting rights, Ni- 
geria, 166-169 
Leri-n-Duohi, Nigeria, 172 
Levant Mine, Cornwall, 31-33 
Accident, 32 
Output, 33 
Linfoot, Edward and Arthur Lahz' 

mineral claim, N.S.W., 231 
Litton's Mine (Big Bygoo), N.S.W., 

232, 233 
Lode Creek, Queensland, 222 
Lode Hill, Queensland, 221 
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Lode minerals, list of, 10 
Loke Chow Thye's Mine, Malaya, 
107, 108 

Output, 108 
Loke Yew's Mine, Malaya, 97 
Lottah, Tasmania, 257, 266 

Output, 275 
Low, Captain, 135, 137 
Lury, J. S. de, 208 

MacAlist«r, 21, 23, 24 
MacDonald, D. J., 185 
Macdonald, George, 160 
Machinery and plant in operation : 
Austraha, New South Wales, 220, 
225, 226, 227, 229, 230, 232, 
233, 234, 239 
Queensland, 216, 217, 218, 219, 

220, 221 
Victoria, 248 
Western, 253 
Burma, 141, 145, 130 
Cornwall, 32, 33, 36 
Malaya, 69, 70, 71, 73, 75, 76, 77, 
94, 95 
Statistics, 119 
Nigeria, 164, 173, 175, 181 
Tasmania, 260, 263, 264, 266, 268, 
269 
Machi Tin Field, Malaya, 99 
Macintyre River, N.S.W., 224 
Madron, Cornwall, 36 
Main Range, Malaya, 57, 68, 69, 60, 

81, 82, 94, 109 
Malacca, 66, 100, 101, 102 

Output, 117 
Malaya, 55-121 
Climate, 55, 56 
Currency, weights and measures, 

62, 63 
Distribution of tin ore, 64-66 
Geology, 56-60 
Glossary, 120 
ffistorical Sketch, 63, 64 
Kinta Valley, 81-83 
Labour and wages, 78-81, 105 
Methods of mining, 68-75 
Negri Sembilan and Fahang, 98, 

100 
North Selangor Deposits, 95-98 
Potential resources, 100-110 
Rivers, 60, 61 
Roads and railways, 61, 62 
Smelting, 78 

South Perak Deposits, 83-95 
Statistics, 111-119 
Straits Settlements, 100-102 
Tanah-padi, 121 



Tin prospecting, 66-68 

Malaya {contd.). 

Treatment of ore, 75-77 
Unfederated States (deposits), 102- 
108 
Malayan Tin Dredging Co., Ltd., 71, 

72 
Mahwun, Burma, 130, 133 
Manohis, Malaya, 66 
Man-engine, Cornwall, 32 
Mank-wadi, Gold Coast, 185, 188 
Mann River, N.S.W., 228 
Maranboy Tin Field, Northern Terri- 
tory, 242-245 
Discovery in 1913, 242 
Manila, Rhodesia, 201 
Mary Tavy Mine, Devon, 38 
Mason, Dr., 136 
Maungmechaung, Burma, 145 
Mawchi, Burma, 131 
Mazaw, Burma, 133 
Mbabane, Swaziland, 198 
McGlew, Mr. C. S., discovery of tin 

by, N.S.W., 224 
Meke, Burma, 139 
Melmouth, Zululand, 189, 197 
Menglembu, Malaya, 84, 85 

Lode Sjmdicate, 84, 85 
Mergui, 129, 130, 131, 132, 133, 134, 
135, 136 
Archipelago, 134 
Output, 147, 148 
Mersing, Malaya, 65, 102, 109 
Metallic Tin (native tin), 7, 8 

Dindings, 102 
Methods of mining : 
Bucket-dredging, see 
Dredging, Australia, 173, 175, 221, 
222, 225, 226, 227, 228, 229, 
230, 236, 253 
Burma, 144, 145 
Cornwall, 30 
Hydraulicing or ground-sluicing : 
Australia, N.S.W., 228, 230, 234, 
244 
Queensland, 221, 222, 223 
Burma, 134, 135, 141 
Canada, 208 
India, 130 
Malaya, 68-70, 88, 89, 96, 98, 

104, 105, 107 
Nigeria, 164, 173, 174, 181 
Calabashing, 160, 163, 166, 
173, 174, 178, 181 
Swaziland, 198 

Tasmania, 262, 264, 265, 266, 
273 
Lombong, Malaya, 96 
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Methods of Mining {contd.). 
Open-cast working : 

Australia, Queensland, 218, 222 

Victoria, 249 
Burma, 139, 140 

Native method, 132 
Go'd Coast, 185, 186 
Malaya, 70, 71, 77, 88, 90, 94, 

106, 108 
Nigeria, 167, 181 
South Africa, 191 
Under-ground working : 

Australia, N.S.W., 226, 227, 229, 
230, 234 
Queensland, 218, 219 
Victoria, 247 
Western, 252 
Burma, 140 

Cornwall and Devon, 17-49 
India, 123 

Malaya, 71, 83, 84, 85, 86,91,92, 94 
Nigeria, 164, 175, 180 
South Africa, 191 
Tasmania, 260, 261, 267, 268 
Transvaal, 196 
Methods of selling, Cornwall, 291 
Middle Lode, Cornwall, 25 
Migyaung Kyaung, Burma, 133 
Minerals Proclamation, Nigeria, 160 
Mines, list of : 

Cape Province, 190 
Cornwall, 23, 40 
New South Wales, 225 
Nigeria, see Companies 
Queensland, 214^216 
Tasmania, 256-258 
Mitchell River, N.S.W., 219, 228 
Mitta Mitta Mine, Victoria, 246 

Output, 250 
Mitta Mitta Tin Field, Victoria, 246-8 

Output, 250 
Mixed wolfram, cassiterite concen- 
trates of Tavoy, 149-151 
Moho, Peru, 14 
Monaro District, N.S.W., 224 
Mongu, Nigeria, 171, 173, 183 
Montana Syndicate, 258 
Moolyella, Western Australia, 253 
Moorina District, Tasmania, 257, 
265, 266 
Output, 275 
Mount Amos Field, Queensland, 221 
Mount Biachoff Area, Tasmania, 258, 
259 
Extended Tin Mining Co., 256, 260, 

261, 262 
Smelting Works, 271 
Tin Mining Co., 256, 259, 260, 271 



Mount Cudwega, Victoria, 249 
Mount Crystal Tin Mining Co., 220 
Mount Grappa Tin Field, Queens- 
land, 217 
Output, 217 
Mount Hartley, Queensland, 221 
Mount Holmes, Queensland, 219 
Mount Kidston Mine, Queensland, 

220 
Mount Peterson Mine, Queensland, 

218 
Mount Spurgeon, Queensland, 213, 

219 
Mount TaUabong Mine, N.S.W., 225 
Mount Todd, Northern Territory, 

241 
Mount Wells District, Northern 

Territory, 239, 240 
Mount Wills, Victoria, 246 
Muar, Malaya, 102 
Mvdyan, Yalgogrin, N.S.W., 231 
Murchison Gold Field Tin Area, 
Western Australia, output, 
254 
Muri, Nigeria, 169 
Murphy's Shaft, N.S.W., 233 
Murray River, Upper, N.S.W., 224 
Museum, Cambridge, 11 
of Practical Geology, 7 
South Kensington, 7 
Musgrave, J. E., Prospector, N.S.W., 

234 
Mutual Hill Mine, 264 
Myitta Valley, Tavoy, Bxmna, 143 
Myra Tin Field, Queensland, 217 

Nanango, Queensland, output, 223 
Naraguta, Nigeria Tin Mines, Ltd., 
159, 171, 174, 183 
Extended, Nigeria, 171, 173, 174, 
183 
Nassarawa, Nigeria, 162, 165, 169, 

178 
Natal, 197 
Native tin, 7 
Naukle, Burma, 133 
Needle-tin, see Spanable-tin 
Negri-Sembilan, Malaya, 65, 98 
Deposits, 98, 99 
Labour, 79 
Lode-mining, 74, 99 
Output, 113 
Nenggiri River, Malaya, 106 
Nettle Creek, Queensland, 213 
New Cook's Kitchen Mine, Cornwall, 

26, 27, 29 
New England Mining District, 
N.S.W., 224, 229-231 
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New South Wales, 224-238 
Company formed, 1871, 224 
Crown Grant, 224 
Discovery of tin in, 224 
Labour, 237, 238 
List of mines, 225 
Output, 225, 235, 236, 237 

Value of, 225 
Smelting of metallic tin, 236 
New Tambun Mine, Malaya, 84 
New Venture Mine, N.S.W., 232, 233 

Output, 233 
New Woodland's Mine, Cooktown, 

221 
New Zealand, 279 
Newelton, Launcelot Tin Mine, 

Queensland, 213 
Newstead Mine, N.S.W., 227 
Nicolas, 160 

Niger Company, 159, 160, 182 
Nigerian Tin Corporation, 171, 174, 

182, 183 
Nigeria, 155-184 
aimate, 156 
Currency, weights and measures, 

159 
Distribution and description of 

mines, 168-176 
Geology, 156, 157 
Historical sketch, 159-162 
Labour, wages and housing, 176- 

178 
Nassarawa District, 178-182 
Nature of deposits, 162-164 
Prospecting, 165-168 
Rivers, 158 

Roads and railways) 168, 159 
Statistics, 183, 184 
Nine Mile Creek, Queensland, 222 
Noragala, Ceylon, 152 
North Crofty Mine, Cornwall, 26 
North Eastern Division, Tasmania, 
257, 262, 263, 264, 265 
Output, 275 
North Hill, Burma, 133 
North Kinta Lode Company, 85 
North Levant Mine, Cornwall, 33 
North Lode, Levant, Cornwall, 31, 32 
North Mount Cameron, Tasmania, 

264 
North Tincrofts Lode, Cornwall, 26 
North Town Mine, Cornwall, 37 
North Western Division, Tasmania, 
258-262, 256 
Output, 275 
Northern and Southern Division, 
Tasmania, 258, 268, 269 
Output, 275 



Northern Nigeria (Bauchi) Tin Mines, 
Ltd., 163, 171, 174, 183 

Northern Territory, 238-245 
Output, 245 

Nova Scotia, 207, 208 

Nurgo, India, 123 

Nunmgo, India, 123 

Nyasaland, 189 

Nylstroom Tin Field, Transvaal, 191, 
193 

Gates, 123 

Oban, N.S.W., 7, 224, 225 

Oban River, N.S.W., 227 

Oban, tin discovered at, 1871, 224, 

228 
Old Bal Lode, ComwaU, 32 
Old Gimnislake Mine, Cornwall, 35 
Old Shaw, Western Australia, 253 
Oldham, Dr. T., 136 
Onhbinkwin, Burma, 145 
Origin of cassiterite, Tavoy, Burma, 

14t 
O'Riley, 135 
Output, see Statistics 

Pachaung, Burma, 139 
Pagay, Burma, 139 
Page, J. J. A., 130, 137 
Pahang, Malaya, 66 

Consolidated Co., Ltd., 66, 74, 100 

Deposits, 94, 99, 100 

Labour, 79 

Lode mining, 74 

Output, 101, 112, 113, 118 
Pakchan River, Burma, 136 
Palanpur, India, 124 
Pahner Gold Field, N.S.W., 213 
Palmer, N.S.W., output, 223 
Palstaves, 6 
Papan, Malaya, 85 
Park, Mr., 80 

Pascoe River, Queensland, 213 
Paterson, Mr., 165 
Pauktaing, Bunna, 145 
Pe, Burma, 139 
Peel and Uralla Mining Distriot, 

Queensland, 225-229 
Peevor United Co., 37 

Mine, Cornwall, 37 
Output, 37 
Penang, Malaya, 63 
Penang, Smelting Company at, 78 
Pengkalan Co., Ltd., Malaya, 70, 85 
Pengkalan Kundang, Malaya, 97 
Perak, 63 

Deposits, 83-95 
Electric-power Plant, 75, 77 
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Perak {contd.). 

Labour, 74, 79 

Lode-mining, 74 

Output, 101, 112, 113 
PerUs, 65, 108 

Perlis, potential resources, 109 
Peretak, Malaya, 96 
Perseverance Mill, Queensland, 217 
Perseverance Mine, N.S.W., 233 
Persia, 4 
Pewter, 284 
Phoenicians, 4, 5 
Phoenix Shaft, N.S.W., 230 
Pilbara Field, Western Australia, 
253, 254 

Output, 254 
Pine Creek, Northern Territory, 239 
Pinlrett, N.S.W., 228 
Pioneer Tin Mining Co., Ltd., 263 

Output, 275 
Plant, see Machinery 
Pliny, 3 
Plumbostannite, 13 

Analysis, 13, 14 

Occvirrence, 14 
Plumbum Album, 3 
Poldice Mine, Cornwall, 37 
Pollard, Dr., 52 
Poolamacca, N.S.W., 224 
Poopo, 13 
Port Douglas, Queensland, output, 

223 
Potential Resources, Malay Peninsu- 
lar, 108, 109, 110 

Nigeria, 172 
Potgietersrust Tin Field, Transvaal, 

191, 192, 193 
Prices of tin in London, 289, 290 
Prince of Wales Lode, Cornwall, 31, 32 
Prospecting, Burma, 130 

Nigeria, Exclusive licence, 166-169 
Fees, 167 
List of rights, 169 

Tavoy, 145 
Prospector's Gully, Queensland, 213 
Pulai, Malaya, 86, 87, 102 
Pusing Bahru Mine, Malaya, 87 
Pusing Lama Mine, Malaya, 87 
Pusing Lode, Malaya, 88 
Putletto, Burma, 139 
Pyrites, see Stannite 

Queensland, 213-223 
List of mines, 214-216 
Output, 223 

Eantau Panyang Forest Reserve, 
Malaya, 97 



Rasa, Malaya, 96 

Ravenswood, Queensland, output, 223 

Rawang, Malaya, 65 

Rawang Valley, Malaya, 97 

Rayfield (Nigeria) Tin Fields, Ltd., 
171, 175, 183 

Red-hills Mine, Malaya, 88 

Red Hill Mine, N.S.W., 225 

Bedrock Creek, Queensland, 222 

Reeves, John, 207 

Reids Shaft, N.S.W., 230 

Reiiison Bell, Prospecting and Min- 
ing Co., 270, 271 

Restdown, N.S.W., 231 

Rewa Kantha, India, 124 

Rex HiU Tin Mine, Tasmania, 257, 
267 

Rhodesia, 189, 199, 200, 201 

Richardson & Sharber, 242 

Ringarooma District, Tasmania, Out- 
put, 276 

Rocky BluSs, Mill at, Queensland, 
219 

Rogers Lode, Cornwall, 25, 31 

Roman word for tin, 3 

Rooiberg Tin Field, Transvaal, 191, 
194, 195, 196 

RoppTin, Ltd., Nigeria, 171, 175, 183 

Roscommon Cliff, Cornwall, 11 

Ross Tin Mine, Northern Territory, 
241 

Rotan Dahan Mine, Malaya, 88 

Royal George Tin Mine, Tasmania, 
257, 267 

Royal Johore Tin Mines, Malaya, 66 

Running Creek, Queensland, 213 

Russell, J. A., 106 

Russell's Mines, Malaya, 106, 107 
Rustenburg, Transvaal, 189 

Sadien, Burma, 133 

Salamanca, 5 

Sam River, N.S.W., 7 

Sandy Creek, Tumut, N.S.W., 234 

Santa Cruz Mine, Bolivia, 13 

Santa Rosa, Bolivia, 11 

Schlaggenwald, Bohemia, 7 

Schouten Main, Tasmania, 268 

Output, 275 
Scorrier, Cornwall, 37 
Scotland, 50-52 

Analysis of ores, 52 
Sorivenor, J. B., 90, 99 
Selangor, 65, 94, 95 

Labour, 74, 75, 79 

Output, 101, 112, 113 

River, 96 

Treatment of arsenical ore, 77 
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Semiling, Malaya, 107 
Serapam, Malaya, 66 
Seremban, Malaya, 98 
Serendah, Mulaya, 65 

Hydraulic Co.'s Mine, 97 

Valley, 97 
Seton East West Mine, Cornwall, 29 

Great North Mine, Cornwall, 29 

New Mine, Cornwall, 29 

South Mine, Cornwall, 29 

Violet Mine, Cornwall, 29 

West Mine, Cornwall, 29 
Severn River, N.S.W., 228 

Queensland, 222 
Shepherd and Murphy Mine, Tas- 
mania, 258, 268 
Shoalhaven, N.S.W., 224 
Sia, Malaya, 66 
Siak Mine, Malaya, 89 
Simratari, India, 124 
Sintok, Malaya, 106 
Siputoh, Ltd., 90 

Mine, Malaya, 89, 90 
Skinner's Shaft, N.S.W., 230 
Smelting, Australia, N.S.W., 236 

Bronze Age, 6, 7 

Burma, 132 

Hong Kong, 152 

Malaya, 77, 78 

Nigeria, 160 

Straits Settlements, 100, 101 

See also Treatment of ore 
Smith, E. C. St., 220 
Smithfield, Western Australia, 253 
Smith's Creek, Herberton, 213 
Soci6t6 des Etains de Kinta, 86 
Solder, 285 
Somero, Finland, 10 
South Africa, 189-203 

Export, 101 

List of Companies, 189-190 

Output, 199 
South African Territories, Ltd., 203 
South Australia, 255, 256 
South Crofty Co., 26 

Mine, Cornwall, 26, 27, 29, 291 
Output, 27 
South Esk "Tin Mine, Tasmania, 257, 

267 
South Lode, Cornwall, 32 
South Mt. Cameron, 'Tasmania, 264 
Spanable-tin, 10 
Sphalerite, 14 

Spinnifix Creek, Queensland, 220 
Spring Creek, Queensland, 222 
Spring Gully, Western Australia, 252 
St. Helens, Tasmania, 257, 266 

Output, 275 



St. Just, Cornwall, 11, 33 
St. Stevens, Cornwall, 8 
St. Valery-Bur-Somrae, 5 
Stackpool's Mine, N.S.W., 23J 
Stanniferous ores and minerals, 7-14 
Stanley River, Tasmania, 274 
Stannary Hills, Queensland, 216, 219 

Mines, list of, 215 
" Stannery," 4 
Stannic oxide, 286 
Stannifer, N.S.W., 226 
Stannite, 7, 9 
Analysis, 8 
Occurrence, 8 
" Stannmn," 3 
Stannum, N.S.W., 230 

Western Australia, 2.53 
Stanthorpe District, Queensland, 21 3, 
221. 222 
List of mines, 215, 216 
Output, 22:i 

Stream tin deposits, 222 
Stanton, Queensland, 222, 223 
Star Mine, Tasmania, 266 
Statistics : 

Australia, 235, 236, 237, 245, 250, 
254, 276, 277, 278, 293, 
294 
Burma, 138, 146, 147, 148, 151 
Cornwall, 40, 41, 48, 49 
India, 149 
Malaya, 79, 101, 105, HI, 112, 113, 

119 
Nigeria, 183, 184 
Tasmania, 275, 276 
Transvaal, 199 
United Kingdom, 17, 18, 19, 41, 

42, 43, 44, 45, 46, 47, 48, 49 
World, 18, 19, 293, 294 
" Stean," 4 

Stenna Gwynn, Cornwall, 8 
Stewart Island Tin and Wolfram 

Mining Lodes, Ltd., 279 
St. Michael's Mount, Cornwall, 8 
Story's Creek Tin Mining Syndicate, 

267 
Stokesite, 7 
Analysis, 11 
Occurrence, 11 
Strabo, 3 
Straits Islands, Tasmania, output, 

275 
Straits Settlements, 100, 117 

Imports of tin, 101, 105, 114 115 
Exports from, 116, 117 
Straits Trading Co., 78 
Stray Park, Cornwall, 24 
Stream-tin, see Alluvial deposits 
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Sugar Loaf Creek, Queensland, 222 
Sundown, Queensland, 222, 223 
Sungai Ayam Mine, Malaya, 105 

Besi, Malaya, 65 

Choh, Malaya, 97 

Gau, Malaya, 74 

Ingkl, Malaya, 95 

Liam, Malaya, 96 

Luit, Malaya, 96 

Raia Tin Mining Co., 89 

Rawang, Malaya, 98 

Siput, Malaya, 74, 91 
Sungei Pacca, Malaya, 104 
Sungkai, Malaya, 65 
Swamp Creek, Queensland, 222 
Swaziland, 189, 197, 198 

Output, 199 



Tagu, Bvirma, 133 
Taiping, Malaya, 65, 72, 73, 74 
Talaingyu, Burma, 135 
Tallandoon Mining Area, Victoria, 
247, 248 

Output, 250 
Tamar Valley, Devon, 37 
Tambun, Malaya, 84 
Tammela, Finland, 10 
Tanah-padi (Tin-bearing soi'), 94, 121 
Tanjong Katak, Dindings, 102 
Tanjong Malim, Malaya, 65, 94 
Valley, Malaya, 95 

Tohalang, Malaya, 93 
Tantalite, 11 
Tapah, Malaya, 65, 93 
Tapiolite, 10 

Analysis, 11 

Occurrence, 10 
Tasmania, 256-276 

Export of tin, 276 

List of mines, 256-258 

Output of tin, 275, 276 

Treatment of ore, 261, 262 
Taungbyauk, Burma, 135, 145 
Taungpila, Burma, 139 
Taungthonlon, Burma, 145 
Tavoy, 135-149 

Deposits, 129, 135, 136, 139, 140, 
142, 143, 144 

Output, 138, 147, 148, 151 
Teallite, 11 

Analysis, 11, 12 

Occurrence, 11 
Tebak Tin Fields, Ltd., 105 
Tehidy Minerals, Ltd., 25, 29-31 

List of mines, 29 
Tekka Mine, Malaya, 69, 70, 88. 89 

Co.. 89 



Telok Menkudu, Dindings, 102 

Telok Srea, Malaya, 121 

Tenasserim, Burma, 134, 135 

" Teuekeh," 4 

Terrell, Mr., 38 

Teme-plate, 283 

" Teyne," 4 

Thabalih, Burma, 133 

Tharapon, Burma, 133 

Thaton, Burma, 129, 131, 145. 14 6 

Output, 147, 148 
Theindaw, Burma, 133 
Thingandon, Burma, 144, 145 
Thirteen Mile Creek, Queensland, 222 
Thomas, Mr., 178 
Ticketing, tin, 291, 292 
" Tin " derivation, 3, 4 
Tin Alloys, 284 
Tincrof t Mine, Cornwall, 28 

Mines, Ltd., 28 
Output, 29 
Tin-dioxide, see Cassiterite 
Till Fields of Nigeria, Ltd., 161 
Tingha Division, N.S.W., 225-227 

Output, 225, 226, 227 
Tin Hill, Burma, 139 
" Tin Ores " (Davies), 19, 20, 100 
Tin-oxide, see Cassiterite 
Tin-plate, 283, 284 

Exports from Great Britain, 1 9, 20 
Tin-refining, Hong Kong, 152 
Tin-stone, see Cassiterite 
Titi, Malaya, 74, 98 
Toad's-eye tin, 10 
Tobin Bros. Mineral Qaim, N.S.W., 

231 
Tolwong Mine, N.S.W., 225 
Toora District, Victoria, 249 

Output, 250 
" Tooth-tin," see Spanable-tin 
Torrington Division, N.S.W., 230, 

231 
To-twe, Burma, 133 
Tourmaline, 21 
Towkay Chung Thye Phin's Mine, 

Malaya, 90 
Transvaal, 191-196 

List of mines, 189, 190 
Treatment of ore, Australia, 216, 219, 
220 

Burma, 140, 141 

German S.W. Africa, 202 

Malaya, 75-78, 95 

See also Smelting 
Trengganu, 103-105 
-■ Export, 101, 117 
Trevenson Mine, Cornwall, 29 
Trevor, Mr., 191 
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Triang River, Malaya, 90 
Tribute System, see Malaya 
Tronoh Mines Co., Ltd., 90 
South Mine, Malaya, 90 
True Blue Mine, Queensland, 220 
Tumbarumba Division, N.S.W., 234 
Tumut, N.S.W., 234 
Tumut and Adelong Mining District, 

N.S.W., 234 
Tungsten, N.S.W., 231 
Two Jacks Mine, Queensland, 217 

tHu Bakau, Malaya, 94 

Ulu Garing Mines, 97, 98 

Ulu Qopeng Mine, 89 

Ulu Petal, 92 

UluPiahCo., Ltd., 84 

Ulu Yam Valley, 90 

Umfuli Tin Field, Natal, 197 

Underground working, see Methods 

of mining 
United North Australian Mill, 

Queensland, 217 
United North Australian Mine, 
Queensland, 217 

Va'entine, E. J., 63 

Value, see Output 

Van der CappiUe, Jan, 190 

Vegetable Creek, N.S.W., discoveries 

of ore at, 224 
Vegetable Tin Mining Co., 229 
Victoria, 246-250 

Discovery of tin in, 1853, 246 

Koelong and Cudwega area, 248 

Mitta Mitta area, 246 

Output, 250 
Victoria Tin Field, Rhodesia, 200, 

201 
Vigo Bay, islands in, 5 
ViScan Mine, Queensland, 217, 218 

Output, 218 

Wagner, P. A., 202 
Wagon Area, Burma, 139 
W{Ji-Li-Kongsi Mine, Malaya, lOS 
Wake, Mrs., Mine, N.S.W., 233 
Wallace, Sir William, 169 
Warmbaths Tin Fields, Transvaal, 
191, 194 

Waterburg Tin Fields, Transvaal, 

189, 191 
Waterhouse, Mr., 272, 274 
Watson's Creek, N.S W., 228 
Watson's Creek l^n Sluicing Co., 

228 



Watsonville, Queensland, 218, 217 
List of mines, 214 
Range, 217 
Waukeroo Mine, N.S.W., 225 
Weldborough District, Tasmania, 

output, 276 
Weld River Mine, Tasmania, 257, 265> 

266 
" Welsh of the Horn," 4 
Werran, Nigeria, 173 
West Arm and Bynoe Harbour, 

Australia, 238, 239 
West Roskear Mine, Cornwall, 29 
West Stray Park, Cornwall, 24 
Western Australia, 260-255 
Discovery of tin, 250 
Exports, 262, 255 
Output, 254 
Treatment of ore, 253 
Western Division, Tasmania, 258, 
269-274 
Output, 275 
Wheal Agar, Cornwall, 25 
Wheal Carne Mine, Cornwall, 33 
Wheal Emily Henrietta Mine, Corn- 
wall, 29 
Wheal Francis Mine, Cornwall, 29 
Wheal Harriet Mine, Cornwall, 24 
Wheal Jewel Mine, Devon, 38 
Wheal Peevor Mine, Cornwall, 37 
Wheal Primrose Mine, Cornwall, 8 
Wheal Rock Mine, Cornwall, 8 
Wheal Scorrier Mine, Cornwall, 8 
Wheal Tehidy Mine, Cornwall, 25 
Wheal Wellington Mine, Cornwall, 

29 
Whelan's Consolidated Mines Syn- 
dicate, 118, 119 
" Whit«-tin," 9 

White Crystal Mine, N.S.W., 233 
Widnes, Burma, 139 
Wilson's Downfall Mine, N.S.W., 225, 

228 229 
Winnebah,' Nigeria, 185, 186, 187 
Winnifred United Mine, Queens- 
land, 221 
Wodgina, Western Australia, 253 
Wolfram Camp, Northern Territory, 

242 
Wood tin, 9 
Woodward, Government Geologist, 

251 
World's production of tin metal, 18 

Yalgogrin, N.S.W., 225, 231 

Output, 231 

Mineral claims, 231 
Yamon, Burma, 133 
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Ye, Burma, 135 
Ye-ngan, Burma, 133 
Yu, the Emperor, 4 
Ytmnan, C3iina, 4 

Zaaiplaats, Transvaal, 190, 192, 196 
Tin Mining Co., 190, 192, 196 
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Zaria, Nigeria, 169, 172, 174 
Zimba, Bvirma, 139, 143, 144, 145 
" Zinn," 4 

Zinnwald, Erzgebirge, 8 
Zululand, 189 
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